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Uses of Beryllium and Its Compounds 


ALBERT R. KAUFMAN, Sc.D., Concord, Mass. 


At the present time there is considerable, 
and apparently increasing, interest in 
beryllium and its uses. This interest which 
is directed not only to the metal itself but 
also to some of its compounds is based on 
the fact that beryllium has certain me- 
chanical properties that make it an especially 
interesting engineering material. Its nu- 
clear properties make it useful in other ap- 
plications. 

Chief 
properties are a low density, namely, about 


among its attractive mechanical 
the same as that of magnesium, and a high 
modulus of elasticity, which is another way 
of saying that beryllium is a relatively stiff 
material, stiff enough so that thin sections 
of it will resist deflection. In addition to 
these properties, it also has fairly good 
thermal conductivity, and a relatively high 
melting point, about twice that of aluminum 
and magnesium, for example. Moreover, it 
has considerable resistance to corrosion in a 
number of media, but particularly air. 
These properties are very appealing to 
engineers who are concerned with finding a 
light material for structural application in 
aircraft and flight vehicles. In point of fact, 
the attractiveness of beryllium for such 
applications was recognized about 30 or 40 
years ago, and there was a flurry of effort 
at that time to promote its use in airplane 
All of this proved to be 


futile, however, because beryllium, despite 


construction. 


its many useful properties as an engineering 
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material, happens to be brittle, not so brittle 
as glass, to be sure, but sufficiently so for 
engineers to be afraid to use it. This diffi- 
culty or shortcoming remains today, of 
course, and is one of the reasons why the 
metal is not more widely employed. 
Beryllium, however, also has several at- 
As the fourth 
element in the periodic system, it has a very 


tractive nuclear properties. 


low atomic number, which makes it useful 
as a moderator in slowing down neutrons. 
In addition to being able to slow down 
neutrons, it has very little tendency to ab- 
sorb them, so large amounts of it can be 
used in certain types of reactors with little 
waste of neutrons. Beryllium also has what 
is known as a high scattering cross section, 
so the probability that a neutron will en- 
counter a beryllium nucleus and be slowed 
down is relatively high. These latter prop- 
erties have made it interesting to reactor 
engineers, 

As a result of these several properties, 
It has 
been used as a moderator in reactors in the 


beryllium has some important uses. 


form of brick-like blocks, or, in some cases, 
rods and bars, in such a way that there was 
no real demand made upon the material as 
far as engineering properties were con 
All that was called for was that it 
More 


recently, the reactor engineers have talked 


cerned, 


just do its job and not fall apart. 


very seriously of trying to use it as a clad- 


ding material for uranium or uranium 
oxide. In this case it is attractive principally 


because it does not absorb many neutrons 


9/91 


 A.MLA. ARCHIVES OF 


and it has a relatively high melting point. 
For this application, which has 
mainly in Europe and England, the amount 
of beryllium used would not be great enough 


arisen 


for it to serve extensively as a moderator. 
It looks now as though there may also be an 
interest in using beryllium in this way in 
this country, and for this purpose it will be 
necessary to get it in the form of tubing. 
This can be done, although by a relatively 
painful method compared with the fabrica- 
tion operations that are used on_ better 
engineering materials. 

Once it is in the form of tubing, it will 
be necessary to carry out some further op- 
erations, such as welding or brazing. The 
environment in which the beryllium would 
be used for these gas-cooled reactors would 
be carbon dioxide, or helium, or possibly 
nitrogen, and with the possible exception of 
COs, beryllium would probably not corrode 


In all of 


these cases there would be a closed cycle 


under the operating conditions. 


for the gas coolant, so that if any beryllium 
did come off the fuel elements, it should 
not get into the surrounding air unless an 
accident occurred, 

It is also conceivable that beryllium may 
some day be used in high-temperature water 
reactors, because it does have good corro- 
sion resistance to high-temperature water, 
or at least it can be made to have such re- 
sistance. As yet there is no such use, 

There is also active interest in- using 
beryllium directly in conjunction with  fis- 
sionable material, principally uranium. In 
this 


sort of combined 


moderator and fuel element. 


case it becomes a 
One such use 
contemplates forming a compound — of 
uranium and beryllium, the composition of 
which is claimed to be UBejs, a substance 
that has a high melting point, probably 
somewhat over 2,000 C. Like all compounds 
of this type, it is a brittle material and 
therefore would have a tendency to crumble 
and crack and come apart. There has been 
a rumor that the Russians are using it in 
nuclear reactors. In this country, aside from 
using this beryllium-uranium fuel in certain 


small research reactors where it could be 
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used as a compact fuel element, there has 
been some thought of using it in reactors 
that might be used to propel rockets. In this 
case, there is the possibility that the beryl- 
lium might ultimately become dispersed in 
the atmosphere, but, on the other hand, there 
would be so much radioactive material as- 
sociated with it that nobody would worry 
about the toxicity of the beryllium. 

As a fuel element constituent, beryllium 
can also be used as a molten salt. 
the fuel mixed 
uranium-zirconium-beryllium fluoride which 
is used in the molten state. 


In such 
reactors consists of a 
In this case 
beryllium is used mainly to adjust the melt- 
ing point of the salt rather than as a 
moderator. Here again, there is the possi- 
bility of its getting into the atmosphere, but 
certainly the hazard from radioactive fission 
products would be much greater. 

As time goes on there will probably be 
increased use for beryllium in the atomic 
energy field, because people are learning 
how to make the most of its low ductility, 
and because a large amount of work is now 
being sponsored by the Air Vorce to im- 
prove beryllium itself. 

Another property of beryllium is its trans- 
parency to x-rays. The chief application 
here is in the windows of x-ray tubes, or 
some other place where x-rays are desired 
to go through without being absorbed. 

With the recent surge of interest in space 
vehicles and very high-speed flight, it has 
become more and more apparent that the 
attractive mechanical properties of beryllium 
are great enough to make it imperative to 
find a way of using it in such applications 
The Air 
is sponsoring considerable work in this area, 
part of 


despite its poor ductility. lorce 
it fundamental research aimed at 
trying to determine whether beryllium can 
be made into a reasonably ductile material, 
part of it aimed at producing what are 
known in the metallurgical business as mill 
products, that is, big sheets, extrusions, 
bars, and tubes, ete., which are needed for 
building any sort of structure. 

It appears that enough is being learned 
about beryllium that, if it is got into an 
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optimum metallurgical state, and if the de- 
signers go more than half way to meet the 
material, it can perhaps be used, at least to 
a limited extent. The health 
problems that will arise are not concerned 


sorts of 


with the companies producing beryllium, 
because they have been well aware of the 
toxic hazard for years and presumably have 
it under control. There is, however, concern 
that when beryllium is put into structures 
of one sort or another or sent to fabrication 
plants, the men doing the work, either of 
assembly or repair, may be endangered. It 
appears, however, that adequate indoctrina- 
tion and proper industrial hygiene could 
prevent such hazard. 

Another use for beryllium is in certain 


types of instruments, namely, gyroscopes, 


and here, apparently, the reason for interest 
is again the low density and the high 
modulus of elasticity. For these applications 
beryllium can be used as it is now produced, 
rather than having to be improved. Whether 
this will ever involve large amounts is diffi- 
cult to say. It may well be relatively small. 
Another use that is mentioned, at least in 
connection with rockets and other missiles, 
is in the so-called nose cone which is sup- 
posed to be able to resist the terrific heat 
that occurs when the atmosphere is_ re- 
entered. Beryllium is of interest here be 
cause of its low density and high thermal 
conductivity, and conceivably, its oxidation 
resistance. In some of these nose cone ap- 
plications, it is possible that the material 
may be consumed as it comes through the 
atmosphere, and in this case beryllium may 
be spread over a relatively wide area. 

A few beryllium compounds should also 


be mentioned. Beryllium oxide is, for ex 


Kaufman 


ample, a very interesting material. It is one 
of the most stable of all the oxides and in 
massive form it has a relatively high thermal 
conductivity. This useful for 
places where it is desirable to try to carry 


makes it 


off heat without having the ceramic crack 
or break up. The use for it as a crucible 
material will probably be fairly limited, be- 
cause it is so expensive. From a nuclear 
point of view, incidentally, the oxide is just 
about as useful as the metal, so the reactor 
engineers continue to flirt with the idea of 
using it, especially in high-temperature 
reactors, and without doubt such applica- 
tions will develop. There also appears to be 
interest in beryllium oxide for high-tempera- 
ture applications in the electronics industry, 
probably because of its high melting point 
and This is also true in rocket 
and missile development. 

Another both 


beryllium and beryllium oxide may be used 


inertness. 


possible way in which 
is to mix them together to make what ts 
known as a cermet, on the theory that in 
this both 


Some 


way the good properties ot 
oxide and metal would be available. 
of these proposed cermets for beryllium 
oxide do not necessarily contain beryllium 
metal but possibly some other metal such as 
molybdenum. Beryllium carbide has also 


created some interest. The carbide has a 
high melting point, about the same as that 
of the oxide, and has about the same value 
as a moderator as either the metal or the 
oxide, but it is not obvious that it has any 
advantages over the oxide; so, unless some 
special situation develops, it is rather doubt 
ful that beryllium carbide will be used ex 
tensively. 
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Exposure Data and Epidemiology of the Beryllium 


Case Registry—1958 


MARY FOUSE PEYTON, M.S., M.P.H., and JANE WORCESTER, Dr.P.H., Boston 


The Beryllium Case Registry at the Mas- 
sachusetts General Hospital contained 606 
cases! of the acute and/or chronic pul- 
monary form of beryllium poisoning as of 
June, 1958. Since the Registry’s inception 
in 1952, cases have been collected from all 
parts of the United States and the data 
organized for interpretation and follow-up. 
During the past year emphasis was placed 
on determining the industrial exposures of 
the cases and on the possibility of making 
an epidemiological study. 

The Registry is made possible through 
the cooperation of many persons and or- 
ganizations, including government agencies, 
insurance industrial 
hospitals, plant 
Much credit for 
date must be given to them. [Exposure data 
are obtained mainly through the help of the 


companies, manage- 


ment, and and family 


physicians. progress to 


companies. 

When cases are reported, the employ- 
ment dates and place of exposure must be 
checked, and there are many difficulties en- 
countered in trying to collect material of 
this type. Anonymity is important, but the 
case must be known to have been exposed 
to a definite beryllium-containing environ- 
ment. This involves obtaining a complete 
occupational history from the person’s re- 
port and then, if possible, checking with 
the company for verification. The company 
finds it necessary to examine old records, 
which is time-consuming, since these reports 
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seryllium Case Registry is supported by 


Seryllium Case 


many times have been filed away in remote 
spots, lost, or destroyed. Another handicap 
in getting information has been the under- 
standable wish to avoid medicolegal prob- 
lems. In addition, many persons do not 
want it known that they have the disease 
because it may influence their chances for 
work. lor these reasons, means are needed 
to protect industries and employees while 
further basic knowledge of this disease is 
gained, 

Originally, it was hoped that a complete 
epidemiological study could be made. This 
type of investigation requires that the same 
kind of information that has been collected 
on persons having berylliosis should be se- 
cured from others who worked at the same 
time and did not develop symptoms. At least 
a sample of these persons would provide a 
control group. irst, it is necessary to know 
the number of all persons exposed to the 
same environment by sex, age, and length 
of employment, together with some means 
of identification. This information 
partially available in three plants. 
this are 
based on the fact that all cases are not re- 
the Although — the 


Registry has been publicized, there are 


Was 


Further limitations of report 


ported to Registry. 
many persons who do not know of its ex- 
istence; others have busy schedules or are 
indifferent. Certainly, there are those cases 
that are misdiagnosed owing to the failure 


to record an adequate occupational history. 


lor these reasons the number of cases in 
the Registry represents a minimum rather 
than a maximum figure. 

The Registry consists largely of cases of 
persons who were exposed to  beryllium- 
containing atmospheres before 1949. By 


SS 

Tk 

2 
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that time many industries had recognized 
the hazards that existed from the use of 
certain beryllium compounds and had es- 
tablished — their 1949, 
definite controls were recommended by com- 
mittees working with the United States 
Public Health Service? and the Atomic 
Energy Commission.* The reduction in the 
number of cases in the Registry with ex- 
posure after 1949 is dramatic. It is known, 
however, that some acute cases occurring 


own controls. In 


after that time have not been reported. 


1.—I/ndustries with Number of Companies 
and of Cases—1958 


Com- 
Manufacturing & Mechanical panies, Cases, 
Industries Using Beryllium No. No. * 
Extraction of ore & allied processes 3 247 
Production & processing of Be & BeO 24 76 
(alloys, ceramics, X-ray tubes, research & 
development) 
Users of Be compounds as fluorescent 42 231 
powders and getters (fluorescent lamp 
mfg. and allied processes, neon & radio 
tubes) 
Others & unknown 7 7 
Total Occupational 76 561 
Nonoccupational (5 locations) 45 
Grand Total 606 


* Acute-to-chronic counted once. 


Table 1 shows the industries represented 
in the Registry with the numbers of com- 
panies and cases. A company can represent 
anything from a concern employing one or 
two persons to one employing thousands 
in many separate plants. The classification 
“production and processing Be and BeQ” 
includes manufacturers of alloys, ceramics, 
and x-ray tubes, and those doing research 
and development, other than companies 
extracting the metal from the ore. “Be com- 
pounds” include establishments manufactur- 
ing allied 
processes and neon or radio tubes. There 
are 76 companies in which there are 561 


fluorescent) lamps their 


occupational cases. The 45 nonoccupational 
cases came from five separate areas, but 
they all lived close to a beryllium plant or 
were from the residence of an employee. It 
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is reported that over 500 concerns in the 
United States beryllium or 
beryllium-containing compounds for manu- 


have used 
facturing purposes. 

The atmospheric environment in the first 
two groups in Table 1 has been controlled 
mainly by isolation, local exhaust, exhausted 
enclosures, general ventilation, and air filtra- 
tion. The personnel have been further pro- 
tected by respirators, protective clothing, 
The third 


group has been controlled largely by substi- 


and close medical supervision. 


tuting other compounds for beryllium. The 
fifth group (nonoccupational) has been con- 
trolled by cleaning the exhaust air from the 
plant and by having the workers shower 
and change clothing before leaving the plant. 
Unfortunately, it is impossible to include 
another column in Table 1 giving the total 
number of person exposed, because this 
not There are 
only 10 cases in the Registry (4 acute and 


information is available. 


6 chronic) whose first exposures occurred 
after 1949, 
controls introduced, to the decrease in the 


This reduction could be due to 


use of beryllium, to failure to report the 
cases as mentioned above, or to an increase 
in the time between exposure and the first 
symptoms of the disease. There are cases 
in the Registry where the last known ex- 
posure to beryllium was in 1941-1942 and 
the first symptoms appeared in 1955 and 
1956. 


summer where the only exposure was in 


There is a new case reported this 


1940 and diagnosis was made in 1958. This 
case is not included in this summary. 

It is seldom possible to group the cases 
by occupation or by specific beryllium-using 
operations because of the many individual 
changes in occupation and the variable job 
classifications used by different companies. 
In checking with various industries it is 
found that the environment 
changed with time and that a person could 


workroom 


be exposed to many forms of beryllium, In 
the reduction of the ore, for example, the 
processes vary considerably with different 
companies. Ideally, a more complete study 
of the physical and chemical changes that 
affect the beryllium ion should be correlated 
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Taste 2.—Clinical Classification of Cases in 
Registry with Percentages of Acute and 
Chronic Cases and Case Fatility Rate 


Cases Case 
Fatality 
No. % % 
Occupational 
Total 561 20 
Acute 240 * 43 7 
Chronic 348 62 28 
Nonoccupational 
Total 45 61 
Acute 0 0 Pe 
Chronic 45 100 61 


* 27 or 11% of the acute cases became chronic, 


with the cases. This will require intensive 
effort and knowledge not now at hand. Air 
analyses were too limited to be of significant 
value in studying the cases reported here. 
Techniques and methods of analysis should 
be standardized and values correlated be- 
tween laboratories for future studies. 
Table 2 gives the clinical classification 
of the cases: 43% of the 561 occupational 
cases are acute, with 16 deaths, or a case 
fatality rate of 7%, while 62% are chronic, 
with 96 deaths, or a case fatality rate of 
28. Kleven per cent of the acute cases 
became chronic. Twenty-six (61%) of the 
forty-five nonoccupational cases have died. 
It is no doubt true that the nonoccupational 
cases became apparent because of their 
severity. An acute case can be defined as 


one which is sudden in onset, while exposed 


Taste 3.—Beryllium Case Registry—Case Fatality 
Rates by Industry 


Total Cases Acute Cases Chronic Cases 


or 


Fa- Fa- Fa- 
Industry No.* tality No. tality t No. tality ft 
Extr. 247 9 216 6 43 18 
Prod, Be & 76 30 15 14 70 38 
BeO 

Be Cmpds.-Fl. 231 29 9 ll 228 28 

Other 2 


Allin Registry 606 22 240 7 393 31 


* Total cases = acute cases + chronic cases — (acute-to-chron- 
le). 

t At time of illness, 

t To 1958. 
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to a beryllium-containing atmosphere or 
within two weeks of such exposure, and 
results, within a limited time, in either death 
or the complete resolution of the disease. A 
chronic case is one in which the symptoms 
are not sudden in onset after exposure to a 
beryllium-containing atmosphere in 
which the symptoms or signs of the disease 
persist. 

In Table 3 are listed the case fatality 
rates by industrial groups, with a summary 
of the fatality rates for the Registry at the 
bottom. The. case fatality rates are lowest 
among the acute cases in extraction of ore 
and its allied processes, and highest among 
the chronic group comprising alloys, ceram- 
ics, and research and development. It 
should be noted that the acute deaths occur 
at the time of the illness but that the 
chronic deaths are counted up to 1958. A\l- 
most all of the chronic deaths can be 
credited to beryllium disease. A proper in- 
terpretation of these fatality rates would 
necessitate having the death rates on the 
controls in the same occupational groups 
for the same interval of time. 

It was hoped that, by studying the cases 
and exposed population by industry and by 
process, a difference between beryllium ex- 
posures might be detected. It was possible 
to study a single plant in the group com- 
prising extraction with its allied processes, 
another in the second group in research 
and development, and a third in a fluorescent 
lamp manufacturing plant. This sample 
represents 56% of the acute cases and 33% 
of the chronic cases listed in the Registry. 


——~ Avg. No. Employees 


x----« No New Employees 


EMPLOYEES 


Acute (5) (9) (16) (14) (6) (15) (6) (42) 
Chronic (12 (3) (7) (2) (2) 
Be DISEASE BY YEAR EMPLOYED 


Be Registry 1958 


Fig. 1—Plant 1, extraction of ore and allied 
processes. Population, 1940-1948. 
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200- ——- Avg. No. Employees 


No. New Employees 


EMPLOYEES 


1945 ‘46 ‘a7 48 
YEAR 

Acute (4) (2) 

Chronic (2) (3) (2) (1) 


Be DISEASE BY YEAR EMPLOYED 


Be Registry 1958 


Figure 2 


Fig. 2—Plant 2, research and development. Pop- 


ulation, 1940-1948. 


Fig. 3.—Plant 3, fluorescent lamp manufacture. 
Population, 1939-1942. 


Figures 1-3 are presented to stress the 
difference between average populations and 


the total numbers of persons employed in 


these plants. Figure 1 shows the population 
trend over an eight-year period in the first 
establishment. The line shows the 
average monthly population for the year, 
and the dotted line the number of new em- 
ployees by year. The average population 
ran from 40 to 175, while the number of 
new employees ranged from 80 to over 300 
per year. In this plant there were 1,850 
persons employed over an eight-year period. 
The average number gives no clue to the 
number of new employees and thus to the 
total number exposed. The numbers in 
parentheses at the bottom of the chart show 
by year when the acute and chronic cases 


solid 


were employed. Thirteen of the acute cases 
were employed before 1940, 

Figure 2 shows the employment in the 
research and development project for the 
three-year period studied, from within six 
months of the time beryllium was used to 
There 
were 191 persons exposed, and the average 
number employed was about a third of this. 
It will be noted that the average number 
working was higher than the number of 


the time controls were established. 
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800- 


AVERAGE NUMBER 
EMPLOYED 


EMPLOYEES 


1939 ‘40 ‘41 ‘42 
YEAR 
(10) (36) (26) (15) (2) 
Be DISEASE BY YEAR EMPLOYED 


Chronic 
Coses 


Be Registry 1958 
Figure 3 
new employees per year. Two new chronic 
cases diagnosed this summer are from this 
group and were employed in 1945. These 
new cases are not included here. 

‘igure 3 shows the average monthly pop 
ulation for about a three-year period in a 
Huorescent lamp manufacturing plant where 
the average monthly population ranged from 
50 to nearly 800 per month. There is no 
definite information available as to the total 
number exposed, their sex, or the length 
All of the 


cases in this particular facility were chronic. 


of time of their employment. 


The time the symptoms of these cases de 
veloped is not indicated. These three estab 


Taste 4—Morhidity Rate by Sex in Two Plants 


with Known Exposed Populations 


Developing 
Beryllium Disease 
Exposed Acute Chronic 
Plant 1 
Total 1,850 
Male 1,613 
Female 237 
Plant 2 
Total 191 
Male 149 
Female 42° 


* 16 are said to have worked with Be. 


| 
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lishments will be identified as Plants 1, 2, 
and 3 respectively in the following tables. 

Table 4 presents by sex the percentages 
of the exposed population that were attacked 
by the disease in Plants 1 and 2. The 
fluorescent tube manufacturing plant is 
omitted from the table, since the total num- 
ber exposed is not known. Of the 91 cases, 
28 were men and 63, women. In Plant 1 
there were 3 deaths among the 128 acute 
cases in the 8 year period: in Plant 2, 1 
death among 7 acute cases in the 3 year 
period. There is some evidence that the at- 
tack rate for the chronic cases may be 
higher for women than men. In an estab- 
lishment in the same company with Plant 
1, three women but no men have the chronic 
disease, but here again the exposed popula- 
tion is not known. These women were secre- 
taries. In Plant 2 there were 16 women 
working directly with beryllium; this would 
raise the percentage from that shown on 
Table 4. The new chronic cases diagnosed 
this summer, not discussed in this report, 
include one man and one woman. This 
woman is one of the 16 with intense ex- 
posure. 

Sufficient information is available to di- 
vide the populations into those who worked 
in the plants less than a year and those 
working longer. Table 5 gives the percent- 
ages attacked in these categories. Only 19% 
of the exposed population worked over one 
year in Plant 1 while 41% worked more 
than a year in Plant 2. The percentages of 
those developing the acute disease appear to 


Taste 5.—Length of Employment and Morbidity 
Rates in Two Plants with Known Exposed 


Populations 
% Developing 
Beryllium Disease 
Exposed Acute Chronic 
Less than 1 yr. * 
Plant 1 1,343 6.4 1.2 
Plant 2 M4 3.6 24 
More than 1 yr. 
Plant 1 323 10.8 0.3 
Plant 2 78 3.9 5.1 


* Those employed within one year of end of study period are 
excluded. 
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increase with length of exposure. The situa- 
tion is not clear-cut in respect to the chronic 
cases. If the population in Plant 1 had 
worked longer or if all of the persons ex- 
posed could be followed to the present time, 
there might be a different picture in this 
group. Included in the group that worked 
over one year were 29 men who worked 
over five years. Sixteen of these men 
(55%) had an acute attack, eleven of them 
after they had worked 5 to 10 years, one 
after one month’s exposure, and two after 11 
years of exposure. Only 2 of these patients 
developed symptoms at the same time. There 
is no report that these 29 men have de- 
veloped the chronic disease. Among the 91 
cases in Plant 3, 11 worked less than one 
year and 80 worked over one year. 


TaBLe 6.—Beryllium Case Registry—1958: Attack 
Rate and Case Fatality Rate Combining Acute 
and Chronic Cases in Three Plants 


% Developing 


Beryllium % Case 
Exposed Disease * Fatalities 
Plant 1 1,850 7.5 5.8 
Plant 2 191 5.8 9.0 
Plant 3 > 800 <114 23.0 


* Acute cases that became chronic are counted as chronic 
cases, 

Table 6 summarizes the attack rate and 
case fatality rate for the three plants, com- 
bining both acute and chronic cases. As a 
comparison, De Nardi, Van Ordstrand, and 
Curtis? in 1952, in their 10-year report 
gave a detailed description of the exposure 
of 189 acute cases with a case fatality of 
1.6% in three extraction and processing 
plants. They also refer to a mortality rate 
of 10.7% among 93 acute cases in a 12- 
year period. 

Williams,® in 1947, stated that there were 
57 chronic cases occurring in five different 
fHuorescent lamp companies; in the Registry 
there are 178 cases from these same com- 
panies showing an almost threefold increase 
in cases for each company. Machle, Beyer. 
and Gregorius,® in 1948, in an analysis by 
process, reported 108 chronic cases. Table 
7 gives a comparison of their figures with 
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Tasie 7.—Number and Percentage of Chronic 
Cases by Industry in Ten-Year Period, with 
Chronic Cases Exposed After 1949 


Exposed 

1948 * 1958 After 

1949, 
Industry No % No % No 
Extraction of ore ll 10 43 ll 1 
Prod. & proc. Be & BeO 15 4 7 18 3 
Be empds. fluor. powd. 71 66 228 58 1 

getters 

Others & unknown 2 2 7 2 1 
Nonoccupational 9 s 45 ll 0 
Total 108 «6393 6 


* Machle, Beyer, & Gregorius* regrouped. 


those in the Registry, regrouped to fit the 
Registry’s industrial classification. The last 
column in Table 7 shows where the chronic 
cases who had their first exposure after 
1949 occurred. The number of chronic 
cases has increased from three to five times 
from 1948 to 1958. This can be due to a 
delay in the development of the symptoms 
and reporting, where the Be exposure has 
been eliminated. The proportional increase 
in the group comprising alloys, ceramics, 
and research and development may be due 
to other factors, such as continued use of 
beryllium without good controls or to the 
fact that there is a larger exposed popula- 
tion. 


Conclusions 


studying the 606 cases the 
Seryllium Case Registry and making a more 
complete study of 250 of these cases where 
some information was available as to the 
number exposed, the following conclusions 
can be drawn: 

1. There is a marked reduction in cases 
with exposure after 1949. It would appear 
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that the controls which were introduced in 
1949 have been effective. 

2. There has been a three- to five-fold in- 
crease in the number of cases by industry 
in the past 10 years. 

3. The attack rate among the exposed 
population studied ran between 5.8% and 
7.5%, and the case fatality rates ran between 
5.8% and 23% for the 13-20 year period 
under study. 

4. In one plant (Plant 1) there was an 
increase in the attack rate for the acute 
cases with increasing length of employment. 

5. There is some evidence that the mor- 
bidity rate for the chronic cases is higher 
among women than among men. 

6. Intelligent planning and cooperation be- 
tween industries and those undertaking an 
epidemiological study in the future are es- 
sential to solving the problem of beryllium 
poisoning. 


Department of Biostatistics, Harvard University 
(Dr. Worcester). 
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Case Data from the Beryllium Registry 


THOMAS C. HALL, M.D.; CHRISTOPHER H. WOOD, M.D.; JOHN D. STOECKLE, M.D., and 


LLOYD B. TEPPER, M.D., Boston 


Through a grant from the Atomic Energy 
Commission and the cooperation of over 
180 contributing physicians, the Beryllium 
Registry at the Massachusetts General Hos- 
pital has, since its inception in 1952, ac- 
cumulated data on 601 persons with acute or 
chronic beryllium disease. The admission of 
a case into the Registry has required evi- 
dence of (1). significant documented ex- 
posure to beryllium or its compounds, and 
(2) symptoms, physical signs, and/or radio- 
graphic evidence of respiratory tract disease. 
A positive beryllium assay on body fluids or 
tissues has been a highly desirable sup- 
portive finding, but it has been a require- 
ment for admission to the Registry only in 
those cases where a major exposure to beryl- 
lium had not been documented. 

There follows a brief summary of the 
recorded clinical data. 


TasLe 1.—Beryllium Registry Cases 


Men Women Total Dead 
Acute 227 20 247 (39%) 15 (6%) 
Chronic 191 191 382 (61%) 121 (31%) 


Table 1 shows the proportion of acute and 
chronic cases reported. Over 60% of the 
cases have a chronic illness, 1. e., beryllium 
disease lasting longer than one year; these 
cases are equally divided between men and 
women. Men predominate among the acute 
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TaB_e 2.—Time from Last Exposure to First 
Symptom * 


Cases, No. % 

Less than 1 mo._____- bes 126 41 

1 mo. to 1 yr. . 27 4 

1-5 yr....- ‘ 29 

5-10 yr...__- 18 

More than 10 yr. 12 4 
310 


* Maximum was 15 years. 


cases. These differences may reflect only 
the employment practices of the industry 
where intensity of exposure varies, although 
there is suggestive evidence that women are 
more susceptible than men to chronic dis- 
ease. Included in both acute and chronic 
columns are the 28 persons who did, in fact, 
have both acute and chronic beryllium dis- 
ease: an acute episode which resolved and a 
chronic illness appearing later without there 
having been, necessarily, additional ex- 
posure. 

A delay between the exposure to beryllium 
and the first symptoms of chronic disease 
has frequently been mentioned in case re- 
ports. In Table 2 the delay between the last 
exposure and the onset of symptoms is 
tabulated. A maximum duration of 15 years 
between the last exposure and the first 
symptoms has been recorded. 


Tasi_e 3.—Ratio of Number Dead to Total in 


Group 
Delay Ratio % 
Less than 1 mo... - 49/126 39 
1 mo. to 1 yr.. iivnbtinbbehsGae 10/27 37 
5-10 yr......- 10/56 18 
More than 10 yr. owe hoe 0/12 0 
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TaBLe 4.—Age at Onset of Chronic Beryllium 


Disease 

Age, Yr. Cases, No. o// 
0-14 3 1 
15-24 57 1s 
25-34 141 45 
35-44 77 24 
45-54 26 s 
55-64 10 3 
65-74 1 0.3 
75- 0 0 


The clinical impression that chronic beryl- 
lium disease is less disabling after a long 
incubation period is reinforced by the data 
in Table 3. It can be seen that the mortality 
rate diminishes with a prolonged incubation 
period, as none of the 12 patients with a 
delay of onset of over 10 years died. Pa- 
tients with a long incubation period have 
generally been treated with steroids, how- 
ever, and such therapy may complicate the 
interpretation of this observation. 

Table 4 reveals that there is a wide age 
distribution in the occurrence of beryllium 
disease. The fact that the bulk of the pa- 
tients is in the 25-34 age group does not 
mean that these people are more susceptible, 
but rather reflects the age distribution of 
workers in beryllium-using industries. Three 
neighborhood cases in children aged 7, 9, 
and 14 have been reported. 
several 
studied carefully over a period of time, that 


There is evidence in cases, one 
beryllium crosses the placental barrier from 
mother to fetus. This fact is demonstrated 
by the finding of beryllium in infants’ urine. 
While there has been a search for evidence 
of beryllium disease in the children’ of 
mothers with the disease, no such children 


so affected have come to our attention. 


Taste 5.—Duration of Exposure to Beryllium 
Cases, No. 
Less than 1 wk. 1 0.3 
1-10 wk. Is 5.5 
11-100 wk. 102 3L.1 
More than 100 wk. 207 63.2 
328 


Flall et al. 


Most of the reported cases of chronic 
beryllium disease have had an exposure of 
more than two years’ duration (Table 
Nevertheless, there is evidence, based on 
careful study of the work record, that one 
worker acquired the chronic illness after a 


5). 


heavy exposure of less than six hours’ dura- 
tion, 

Chronic beryllium disease has commonly 
been precipitated or exacerbated by some 
stress. In 40% of the with the 
chronic disease who became pregnant after 


women 


beryllium exposure, the pregnancy or im- 
mediate postpartum period was complicated 
by the initial or definitely increased symp- 
Other 
examples of a precipitating stress have in- 


toms of chronic beryllium disease. 
cluded viral respiratory infections, an epi- 


TABLE 6.—Symptoms of Chronic Beryllium Disease 


Dyspnea 


on exertion 

at rest 17 
Weight loss 

more than 10° 46 

0% to 10% 15 


Cough 


nonproductive 45 
productive 33 
Fatigue 
Chest pain 31 
Anorexia 26 
Weakness 17 


sode of thyrotoxicosis, sudden weight loss 
from dieting, surgery, and the inhalation of 
irritant fumes. 

The disease itself has shown a variety of 
symptomatic manifestations. It can be seen 
in Table 6, however, that the respiratory 
tract is usually primarily involved, with 
symptoms of cough and dyspnea predomi 
nating. Nine of the cases in the Registry 
have never developed symptoms of chronic 
disease but are included on the basis of the 
radiographic evidence and positive beryllium 
assays. 

As is shown in Table 7, the signs of 
chronic beryllium disease are again primarily 
cardiopulmonary with cardiac failure as the 


sequel to increasing pulmonary hyperten 
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Taste 7.—Signs of Chronic Beryllium Disease * 
Chest signs_. 43 
C yanosis 42 
Clubbing 31 
Hepatomegaly 5 
Splenomegaly 3 
Complications 
Cardiac failure 17 
Renal stone 10 
Pneumothorax 12 


* Signs are not included when they are attributable to cardiac 
failure. 


sion. Nevertheless, there is good evidence 
that chronic beryllium disease is a systemic 
illness and may involve other body organ 
systems, Cases of splenic and hepatic en- 
largement without other known cause are 
recorded, and autopsy evidence of liver, 
spleen, and lymph node involvement — is 
available. There is frequent alteration in the 
serum protein distribution, and major 
weight loss is common. Striking is the fact 
that 31 chronic patients, or 10 of those 
where data are adequate, have developed 
renal stone. Hyperealcuria has been dem 
onstrated in many of these patients and in 
others who have not yet developed stone. 
The hyperealeuria cannot be attributed to 
acute loss of bone tissue (osteoporosis of 
disuse or steroid therapy). The observation 
of renal stones predates the introduction of 


(ACTH) 


clinical medicine, and such bone disease has 


corticotropin and steroids into 


not been associated, Another mechanism is 
more likely, perhaps acting to increase the 
absorption of calcium. 

In addition to renal stone, spontaneous 
pneumothorax, has been a complication, in- 
volving 37 of the chronic cases, or about 
12) of those under long-term observation. 
One patient has had three severe episodes, 
and it has been a contributing cause of 
death in at least two. 

In spite of the fact that many patients 
with chronic beryllium disease have spent 


time in tuberculosis sanatoria because of 


early misdiagnosis and in spite of wide- 
spread steroid therapy, not more than four 
patients have been reported to have active 
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pulmonary tuberculosis. (Of the 104 tuber- 
culin skin tests reported, 24% have been 
positive.) Lung cancer has been recorded 
only once. 

While there are not adequate numbers to 
present statistically, it should be noted that 
there may be skin lesions in chronic beryl- 
lium disease. These may vary from sealing 
erythematous lesions to subcutaneous nod- 
ules, which on biopsy show granulomata and 
the presence of beryllium. 

Approximately 20 cases have been re- 
corded in which a diagnosis of rheumatoid 
arthritis has been made at the onset or in 
which migratory joint pains have appeared 
in the course of chronic beryllium disease. 
Such symptoms have usually responded to 
salicylates and have diminished in those pa- 
tients receiving steroid therapy. 

Beryllium assays have been conducted in 
about two-thirds of the chronic patients 
(Table 8). Tissue determinations have been 
positive in 80 of these cases, while blood 
determinations have been positive in only 
13%. 
have been 10 instances of a negative assay 
had 


positive urine assays, and two had positive 


Among the chronic patients there 


on lung tissue. Two of these cases 
histological evidence of beryllium disease. 
The negative lung assays may well be at- 
tributed to the meager specimens submitted 
and to early difficulties in the methods of 
beryllium assay in tissue, 

An examination of lung tissue in con- 
trols—persons not known to have ever been 
that 


minute but nevertheless spectrographically 


exposed to  beryllium—has revealed 
readable amounts of the element may oc- 
The 
beryllium in lung tissue may be correlated 
with the fact that small amounts of beryl 
are present in coal and can thus become an 


casionally be detected. presence of 


TABLE 8.—Berylium Assays 
Material Positive Negative 
Urine 5 (48%) 48 (52%) 
Blood 2 (138%) 13 (87%) 
Tissue 9 (80%) 22 (20°%) 
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DATA FROM BERYLLIUM REGISTRY 


TABLE 9.—Morbidity of Chronic Beryllium Disease 
Working 
with treatment__ 
without treatment 


Not working 
ambulatory 
bed and chair. 
bed only 


urban atmosphere contaminant. This  find- 
ing means that a definite diagnosis of chronic 
beryllium disease requires characteristic 
pathological changes in addition to a positive 


beryllium assay. 


Of 37 recorded beryllium skin tests done 


by the method of Curtis in chronic patients, 
two were negative. Both of these patients 
showed histological evidence of beryllium 
disease and positive assays on lung tissue. 

It is unfortunate that the Registry’s data 


on morbidity are far from complete. It is 


et al. 


instructive, however, to examine the case 
records (all of them complete) submitted 
by a single contributing physician, Of 55 
living patients, it can be seen (Table 9) that 
approximately half are gainfully employed 
or engaged in full-time homemaking. Of 
these about two-thirds are asymptomatic 
and are receiving no treatment; the others 
are on a steroid program because of symp- 
tomatic chronic beryllium disease. Of these 
patients who are incapacitated, the majority 
are able to “putter” around the house, avoid- 
ing exertion. Two are entirely confined to 
bed despite a constant steroid program, 
Cooperation with the Registry was given and 
contributions were made by 180° physicians who 
allowed their cases to be indexed for a cumulative 
study. It is hoped that long-term information will 
be received from them and reports of new cases, 
which present knowledge suggests must be antici- 
pated. Assistance to the Registry was given by the 
late Dr. Dr. Warren Weil, 


and by 


Arthur Rosenblum, by 


Miss Hazel Anderson 


32 Fruit St. 


29 

: 

i 
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Long-Term Experience with Beryllium Disease 


A Report of Twenty Patients 


EDWARD M. KLINE, M.D., and THOMAS W. MOIR, M.D., Cleveland 


What is meant by “long-term experience 
with beryllium disease”? For some observ- 
ers this would be longer than for others. 
lor none could it be longer than 15 years, 
and since our personal experience dates back 
only 10 years in the extreme, five years was 
selected as a cut-off point, a reasonable time 
to permit some general reflection on the 
course, the treatment, and the complications 
of this disease. This is a report of 20 pa- 
tients with chronic beryllium disease, all of 
whom have been followed for five years or 
longer. Sixteen of these have been seen by 
us personally, and for the remaining four 
sufficient data are available to permit their 
inclusion. No attempt will be made to pre- 
sent an elaborate statistical analysis, a type 
of approach which, because of the far 
greater numbers, can be handled more im- 
pressively by the Beryllium Registry itself. 
Instead, remarks will be as general, yet as 
meaningful, as they can be, considering the 
rather limited number of patients studied. 

The 20 persons are divided by sex as fol- 
lows: 7 men and 13 women, The ages at 
onset reflected the average for the general 
factory personnel and ranged from 25 years 
to 44 years, with a mean of 31 years. Five 
were employed in the mixing and firing of 
zine beryllium silicate lamp phosphor: the 
remainder received their exposures fac- 
tubes 
coated, lehred, based, inspected, and_ finally 


tories where the fluorescent were 


packaged for distribution to the consumer. 


Received for publication Oct. 30, 1958. 

Consulting Physician, Lamp Division, General 
Electric Co., and Senior Clinical Instructor, De- 
partment of Medicine, Western Reserve University 
(Dr. Kline). Senior Instructor, Department of 
Medicine, Western Reserve University (Dr. Moir). 
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Epidemiology 

IXxposures to all persons terminated be- 
fore June 30, 1949, and for most of the 
patients exposures ceased long before this, 
usually in the mid-40’s, To speculate at any 
length on the epidemiology without a pre- 
cise measure of the type and intensity of 
exposure as could now be obtained by mod- 
ern industrial hygiene techniques is some- 
what hazardous. The 
however, suggest certain conclusions. It ap- 
pears that the attack rate is related to in- 
tensity of exposure when the group engaged 
in manufacturing the finished product, 
where contact with the lamp phosphor was 
minimal, is compared with the group ex- 
posed in the chemical works, where the 
phosphor was weighed by hand, mixed, and 
fired. In the first group only 1% 
affected as compared with 4.5% 


data collected, 


was 
for the 
latter (Table 1 *). It should be emphasized, 
however, that not-only a quantitative but a 
qualitative difference in exposure existed 
between the two groups. Those persons 
manufacturing the lamps were exposed only 
to the zine beryllium silicate compound im 
which beryllium was not present in_ the 
oxide form. In the chemical plants the 
operators were exposed not only to zine 
beryllium silicate but also to the dusts of 
beryllium oxide itself. 

Two other features which suggest some 
correlation between types of exposure and 
disease are (1) the average duration of ex- 
posure and (2) the latent period between 
termination of exposure and onset of symp- 

* These are estimates of the number of persons 
per forming work and hence “similar” 
exposures. They do not include the total factory 
population. Such matters as turn-over make exact 
calculations difficult. 
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TABLE 1—Attack Rate Related to Type of 
Exposure 


Estimated 
No. 
Employees No. Who 
Exposed Became Ll % 
Lamp manufacture 1,550 15 1.0 
Phosphor manufacture 110 5 4.5 


toms. In the group exposed to the various 
constituents of the chemical compound dur- 
ing its preparation, the average duration of 
exposure was only 12 months as compared 
with an average of nearly twice this long 
(23 months) for those exposed in the lamp 
factories (Table 2). The latent 
period of 2.9 years for the group exposed 


average 


in the chemical plants was approximately 
half as great as for those exposed during 
the lamp manufacturing process (Table 3). 

Just what these differences mean cannot 
be stated with certainty, but all three param- 
eters studied—the attack rate, the duration 


TABLE 2.—Average Duration of Exposure (Months) 
Lamp manufacture (15 cases) 


Phosphor manufacture (5 cases) 
Entire group (20 cases) 


34 (range 3-86) 
12 (range 1-32) 
23 (range 1-86) 


of exposure, and the latent period—point in 
one direction, namely, that contact with both 
free beryllium oxide and the finished zine 
beryllium silicate phosphor which existed in 
the chemical operations represented a more 
noxious combination of circumstances than 
those encountered in the lamp factories, 
where no free beryllium oxide was present. 
These observations are not readily explained 
on the basis of some sensitivity reaction of 
the type proposed by Sterner and Eisenbud.! 
Rather, they emphasize differences in quan- 
tity. and 


form of the disease-producing 


substance, i.e., beryllium. 


TasLe 3.—Average Time from Termination of 
Exposure to Onset of Symptoms (Years) 


Lamp manufacture (15 cases) 5.2 (range 0-11) 
2.9 (range 1-4) 


4.7 (range 0-11) 


Phosphor manufacture (5 cases) 
Entire group (20 cases) 
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Course of the Disease 

Four of the eighteen patients have died 
of beryllium disease or its complications. 
Another patient, who was only moderately 
ill from beryllium disease but who had 
severe long-standing hypertension, died of a 
massive cerebral hemorrhage. 

The first two deaths occurred in March 
and July, 1950. Two young women, exposed 
between 1942 and 1944 in the same factory 
in a distant state, developed signs of severe 
pulmonary insufficiency approximately three 
Although both 
were hospitalized for long periods and re 


years before their deaths. 


ceived excellent medical care, there was in 
creasing shortness of breath accompanied 
by general deterioration. Both deaths oc 
curred before the advantages of corticotropin 
or corticosteroid therapy were generally 
recognized, An autopsy on one of the wom 
en showed typical granulomatous involve 
ment of the lungs, and a similar process, 
though less marked, was found in the spleen. 
In common with other cases, there was in 
this patient moderate right ventricular hy 
pertrophy. 

The next death, in November, 1954, in- 
volved a man (Case 3) who had been fol 
lowed since November, 1947. Although his 
pulmonary insufficiency was marked, he had 
been maintained during the past four years 
of his life with corticotropin and corti 
costeroid therapy, which permitted his em 
ployment in a light occupation until six 
months before his death. During the final 
year of his life attacks of pulmonary in 
sufficiency requiring hospitalization appeared 
more frequently. Two months before his 
death he developed a mild thrombophlebitis 
of the left anticubital vein, which followed 
the intravenous injection of aminophylline 
as an emergency measure in another hospi 
tal near his home, As soon as this was 
discovered he was admitted to the Univer 
sity Hospitals and given anticoagulant 
therapy, yet he developed pulmonary infare 
tion and finally progressive thromboembolic 
occlusion of the pulmonary artery, In ad 
dition to these conditions, an autopsy re 
inflammation and 


vealed granulomatous 
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replacement of the normal lung architecture 
by “masses of hyalinized fibrous tissue.” 
The final death from beryllium disease 
occurred in December, 1957,-in a man (Case 
4) who had been ill since 1945.4 He had 
been severely handicapped and had not been 
able to work 1947. Corticotropin 
therapy was begun in June, 1950, and this 
or corticosteroid therapy was administered 


since 


until his death, a period of six and one-half 
years. Although therapy had maintained a 
status quo of sorts, cor pulmonale gradually 
developed, and his death was more the result 
of this condition than of the beryllium- 
induced pulmonary insufficiency. Permis- 
sion for autopsy was not obtained. 

Two of the remaining ten women have 


been able to continue in industrial employ- 


ment, although four others are sufficiently 
well to perform regularly all of their light 
housekeeping chores. Three are totally dis- 
abled, and the present condition of one is 
unknown (Table 4). 

Of the five living men, one is totally in- 
capacitated. Two, though somewhat handi- 
capped, have been able to continue in their 
original factory work, and one patient is able 
to perform light bench work on a part-time 
basis. Another has given up his career as an 
engineer and is selling securities, having 
chosen the latter occupation as being less 
demanding from a physical point of view. 
This last case is unique in our experience 
Without 


specific therapy he has shown no significant 


and deserves additional comment. 


change in his symptoms or degree of respira- 
tory impairment since the onset of his dis- 
ease in 1942. 

+ Both Case 
earlier report.’ 


3 and Case 4 were included in an 


TABLE 4.—Current Status of Cases 


Men Women ‘Total 
Working full-time 

Working part-time 

Totally disabled _- 

Dead from beryllium disease 

Dead from other causes. 

Unknown 


Tape 5.—Results of Therapy 


No 


Change Better Worse 


Adrenal cortical therapy 4 
(15 patients) 

Supportive therapy 
(5 patients) 


* One patient died of a cerebral vascular accident. 


Even though the disease seemed mild at 
first, there has nearly always been appreci- 
able progression, which fortunately levels 
out to a stationary condition in some cases. 
This may persist without change or rarely 
with some improvement for long periods of 
time, 


Therapy 


l‘ifteen of the group in the present study 
have been treated with corticotropin, cor- 
ticosteroids, or a 


agents, 


these 
Table 5 summarizes the clinical re- 


combination of 


sults of adrenal cortical therapy in_ these 
patients and also indicates the course of the 
remaining five patients who received no 
specific treatment. Of the latter, two pa- 
tients died before adrenal cortical therapy 
was available; in another two, this therapy 
was considered unnecessary, and reasons for 
withholding therapy from the final patient 
are unknown to us. The patients in the 
treatment group have been treated with an 
average cortisone-equivalent dose of 75 mg. 
per day (range, 25 to 150 mg.) for an aver- 
age duration of 4.5 years (range, 0.8 to 7.5 
years ). 

As previously reported,® striking improve- 
ment has been observed after corticotropin 
(or corticosteroid ) therapy in some patients. 
We have been particularly impressed with 
this improvement in patients acutely ill with 
such manifestations of the disease as rapid 
weight loss, anorexia, cough, dyspnea, and 
at times pulmonary infection, Such therapy, 
however, has unfortunately proved to be of 
major benefit on a_ relatively short-term 
basis. Of the five cases reported in 1950 
with unequivocal and_ striking initial im- 
provement in all parameters of evaluation, 
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objective as well as subjective, two have 
subsequently died of their disease and one 
has been slowly deteriorating over the past 
two years in spite of continuous corticoster- 
oid therapy. Of additional interest in evalu- 
ating the value and mode of action of 
adrenal cortical therapy in this disease is the 
fact that of the seven patients listed (Table 
5) as improved after treatment, four have 
continued — to this 
without therapy for periods of from one 


maintain improvement 
and one-half to three years. Another patient 
from the improved group was also with- 
drawn from therapy but suffered a relapse 
in symptoms after 18 months and is now 
being retreated. 

Perhaps some conclusions can be drawn 
from these observations. It seems reasona 
ble that adrenal cortical therapy should pro 
duce improvement at a time when there is 
parenchymal tissue reaction to the beryllium 
ion, but as this reaction becomes stabilized 
with fibrous tissue replacement, these drugs 
exert no specific effect other than possible 
relief of bronchospasm incident to associ 
ated emphysema and an improvement in the 
patient’s sense of well-being. In any event, 
the history of some patients suggests that 
the initial response to therapy in no way 
predicts their ultimate course, nor does 
maintained state of improvement always 
depend on continuous steroid therapy. A 
small number of patients have continued a 
benign clinical course without specific ther 
apy at any time. 

Currently, it appears that all patients who 
are symptomatic from their disease should 
be placed on corticosteroid therapy. How 
ever, constant evaluation of the real benefit 
from such therapy must be made in order 
that the palliation afforded by these agents 
is not interpreted as a cure or as a specific 
suppressive measure, 

Although many of these patients have 
been on corticosteroid therapy for long 
periods, the only complications noted have 
been fluid retention in several patients and 
a minimal degree of osteoporosis in an 
other, The fluid retention has always re 
sponded to a decrease in steroid dose, a 
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diuretic, or both. Although this good for- 
tune has been a pleasant surprise, the pa 
tients are routinely screened once or twice 
a year for evidence of hypercorticism. Be- 
cause of the adrenal cortical suppression in 
cident to therapy, patients carry “steroid 
cards” which indicate their current steroid 
dose and instructions for supplementation of 
therapy in situations of stress. Several of 
these have 


patients undergone operative 


procedures; another has successfully com 
pleted two pregnancies, and a third has un 
dergone the trauma of a severe automobile 
accident. Under these circumstances, none 
has shown evidence of adrenal cortical in- 
sufficiency. 

A footnote on therapy might be of im 
terest. One patient, a euthyroid female who 
had been deteriorating rapidly, was rendered 
hypothyroid in 1955 by I! ablation of the 
thyroid gland. There was definite clinical 
improvement for the next two years. Re 
cently, however, deterioration has again be 
still 
jist 


manifest, 
better 


come although she ts 


somewhat than before the 


therapy. 


Complications of the Disease 


The most serious threat to the life of the 
patient has been the development of cor 
pulmonale, One death directly attributable 
to this cause has already been mentioned, 
and in the three others it was an important 
contributing factor. Cor pulmonale in two 
patients currently under observation 1s 
largely responsible for their progressive de 
terioration. [From these experiences is 
concluded that cor pulmonale, particularly if 
advanced far enough to produce definite 


right ventricular failure, is the most de 
pendable and serious prognostic sign. 
Pulmonary hemorrhage has been encoun 
tered in three patients. In two it was mild, 
although in one patient it recurred over a 
period of six months, In both, the bleeding 
stopped spontaneously, No alteration in the 
appearance of the chest roentgenogram has 
been noted during these brief periods of 


hemoptysis in either of these patients, and 
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it has not affected their otherwise satis fac- 
tory courses, 

In another patient hemoptysis was more 
persistent and severe. Bronchoscopy and 
bronchograms suggested the possibility of an 
obstructing lesion in the bronchus leading to 
the basalar segment of the right lower lobe. 
I:xploratory thorocotomy was performed in 
November, 1956. No gross lesions were 
found, Several biopsies showed the typical 
granulomata associated with chronic beryl 
lium disease. There has been no recurrence 
of the hemoptysis, and the patient has been 
maintained in reasonable comfort on steroid 
therapy. 

In none of our cases has carcinomatous 
degeneration of the diseased lung occurred, 
nor has it been suspected except in the pa- 
tients with hemoptysis referred to above. 

Renal caleuh, although never constituting 
a serious threat, have been seen in four 
cases. Versons so affected have been real 
“stone-formers” in the truest sense of the 
word, In one, 10 separate passages were 
known to us, and in another, 12 bouts of 
renal colic produced 10> stones with 1 re- 
maining in the left kidney at this time. Why 
renal calculi have been confined to the men, 
particularly since the group as a whole is 
preponderantly female, is not clear, except 
that men have a_ greater incidence of 
urolithiasis in general. No correlation could 
be established between stone formation and 
steroid therapy in the individual patient or 
in the group as a whole. It is of interest 
that when stones have been analyzed, none 
has contained beryllium. 

Pneumothorax has been encountered in 
six patients. In several it has recurred and 
oceasionally on the opposite side. Although 
such an accident has temporarily aggravated 
the already existing pulmonary insufficiency, 


Taste 6.—Complications (Twenty Patients) 


No. 
Cor pulmonale 6 30 
Prneumothorax 6 30 
Hemoptysis 3 17 
Renal stones ? 4 22 
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it has never required aspiration, and the 
lung has always reexpanded rather promptly. 
Pneumothorax might well be expected in the 
persons with the most pronounced — pul- 
monary alteration, particularly those with 
gross blebs, yet it has been observed at 
least twice in persons who were doing well, 
with only slight or moderate lung involve- 
ment. 


Chest Roentgenograms 

All of these cases have been followed 
closely by frequent chest roentgenograms, 
although the films of four cases are not cur- 
rently available to us for review.t The 
radiographic changes in the early stages are 
characteristic and almost diagnostic. These 
may persist in much the same form over 
long periods of time (Table 7), although in 


Taste 7.—Radtographic Appearance of Chest 


No. 

Patients 
Unchanged 6 
2 
8 


general the granulations become slightly 
larger and more discrete with some varia- 
tion in size. At this stage the changes are 
much less specific and simulate other dis- 
eases. Variable degrees of fibrosis and 
emphysema may occur, and all resemblance 
to early disease is lost. 

Although there has been some gross cor- 
relation between the pulmonary architecture 
and the clinical manifestation of the disease, 
it is by no means precise. Occasionally a 
stability of the chest roentgenogram has been 
noted, yet the patient may show an exacerba- 
tion of acute symptoms or even a gradual 
progression of the disease clinically. 

Visible pulmonary changes have occasion- 
ally disappeared completely when patients 
were on steroid therapy, usually without 
alteration of the hilar shadows. This 
gression has, however, been of a temporary 

£ All chest roentgenograms have been interpreted 
by Dr. Fred A. Rose, Associate Professor of 


Clinical Radiology, Western Reserve University. 
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nature. Cor pulmonale which has developed 
in some patients (Table 6) cannot be pre- 
dicted on the basis of the lung changes. 
Kerley B lines may sometimes be identified, 
but their exact significance in chronic beryl- 
lium disease is not clear. 


Summary 

A report of 20 patients with chronic 
beryllium disease who have been followed 
for a minimum of five years is presented. 
A difference in attack rate, duration of ex 
posure, and latent period between those ex- 
posed only to the zine beryllium silicate 
compound in the lamp factories and those 
exposed to the constituents of the phosphor 
during its chemical processing indicates the 
importance of other pathogenetic factors, in 
addition to a sensitivity mechanism of the 
type proposed by others. 

four of the patients have died from the 
disease and one from an unrelated cause. 
Of the remaining 15 patients, 4, though they 
have definite limitations in their exercise 
tolerance, have been able to work regularly 
either in the factory or in the home. Six 
others are partially disabled. In the remain- 
ing four, the disease has been gradually 
progressing in spite of steroid therapy, ade- 
quate rest, marked limitation of physical 
activity, and other supportive measures. 

Corticotropin or corticosteroids produced 
an initial favorable response in all patients 
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treated. The subsequent course was not pre 
dictable from this response, nor did a main 
tenance of improvement always depend on 
therapy. A few patients continued a benign 
course without specific treatment. None re 
turned to normal health either spontaneously 
or after therapy. 

Although hemoptysis, pneumothorax, and 
renal stones have been seen, cor pulmonale 
stands out as the most serious complication 
and one that is now regarded as a poor 
prognostic sign. 

Chest roentgenograms in the early stage 
are diagnostic, but as the disease progresses 
the findings are less specific and may at 
times lose all resemblance to the original 
appearance. When regression has taken place 
either spontaneously or after treatment, it 
has been of a temporary nature. 

Lamp Division, General Electric Company, Nela 
Park, Cleveland (12) 
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JOSEPH M. DeNARDI, M.D., Lorain, Ohio 


Initially, reference is made to the publica 


tion entitled “Berylhosis: Summary and 
Survey of All Clinical Types Observed in 
a Twelve-Year Period,” ' published in 1953, 
and authored by the Northern Ohio group 
of investigators, Drs. DeNardi, Van Ord- 
strand, Zielinski, and Curtis. 

The purpose of this discussion is to pre 
sent, in summary forms, progress observa 
tions and other pertinent data accumulated 
in the cooperative experience of this North 
ern Ohio group of investigators since the 
aforementioned publication, 

The scope of this discussion will include 


the following: 


1. Current data on the incidence of disabling 
acute occupational disease within the basic beryl 
lium industry in Northern Ohio occurring since 


the previously documented series of the period 1940 
to 1953 


Accepted for publication Nov. 7, 1958. 
Senior Instructor, Western Reserve University 


School of Medicine. 


TABLE 1. 


Long-Term Experience with Beryllium Disease 


2. Progress study data on the previously docu- 
mented 219 cases of acute respiratory occupational 
disease 

3. Progress study data on 70 cases of chronic 
respiratory disability attributed to the beryllium 
ion. These data are presented in three phases: (a) 
the and 
clinical data on 23 frank and/or marginal cases 


incidence and pertinent epidemiological 
occurring within the basic beryllium industry in 
Northern Ohio; the incidence and pertinent 
epidemiological and clinical data on 27 cases oe- 
curring by exposures to the beryllium ion in mis 
(c) the 


pertinent epidemiological and clinical data on 20 


cellaneous industries, and incidence and 
cases occurring by exposures to the beryllium ion 
by nonoccupational vection 

4. Correlation of all the important data obtained 
by our group up to the present time 


Summary of Incidence of Disabling Acute 
Occupational Disease in the Basic 
Beryllium Industry in Northern 
Ohio Since 1953 


It is extremely gratifying to report no 
incidence of disabling acute occupational dis- 
ease inthe basic beryllium industry in 


Summary of Progress Studies on the 1940-1953 Documented Series of 


Disabling Acute Occupational Disease * 


Occupational 
Fatalities 


Reported 
1940-1953 


Plants Acute 
Pre- Post- Pre- 
A-B ( 1953 1953 1953 
Pheumonitis 60 30 10 0 0 
Tracheo- 
bronchitis 129 X x 0 
Hypersens. 
dermatitis 146 xX XxX 0 
Contact 
dermatitis 63 4 X xX 
No O. D. 3,000+4- x xX 
Total lt 


* Northern Ohio, basic beryllium industry, Plants A-B, C. 


Chronic 


Contacted 


Miscella- or Clinical Chronic Chronic} 


Post- 


neous Information Phase Phase 

1953 Fatalities Residual Post-1953 Pre-1953 ~~ Post-1953 
1 10 72 62 0 2 
1 64 1 5 
0 0 1 
0 0 0 
ot 5 
4 10 13 


+ One case included by reason of information received by the Beryllium Registry in 1955 to the effect that x-ray diagnosis was 
made by a New York physician in 1951; no evidence of follow-up; no compensation claim filed. 
t Case by x-ray evidence taken before death on March 22, 1944. No data of O. D. Employed Nov. 2, 1940 to March 4, 1941. 
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Northern Ohio since the previously pub- 
lished reports. 

‘rom 1940, and up to the present time, 
502 patients the various 


forms of beryllium intoxication have been 


suffering from 
observed and treated. This is an increase of 
33 cases, all in the category of chronic 
pulmonary berylliosis, since our published 
report of 1953. 


Comments on Table 1 


All subsequent statistics and data projec 
tions will include the two “marginal” cases 
as being probably valid. Definite exposure 


data were recently obtained on one case. 


TABLE 2 


LONG-TERM EXPERIENCE WITH BERYLLIUM DISEASE 


Of the 10 miscellaneous fatalities in the 
pneumonitis series, 6 died of various causes 
having no pulmonary disease factor; the 
other 4 of 


cinoma of the colon, 1 of prostatic car 


died of malignancies 2 car 


cinoma, and 1 of hypernephroma. 


It is interesting to note that 56¢¢ of the 
total cases of the chronic disease had no 
expression of any occupational disease dur 
ing and in the course of their employment. 

All of the 23 cases of the chronic form 
of the disease have been detected in the ex 


Plants A B. A 


study of this group follows. 


perience of and detailed 


Summary of Total Incidence and Pertinent Ipidemtological Data on 


Chrontc Occupational Pulmonary Disease Cases * 


Employment 


Case Yr. Sex Plant Assignment 
1 1940-1941 M A Prod 0 
2 1940 or 1941 M A Prod 0 
3° 1941 M A Prod 0 
4 1941 M A Prod. 0 
1943 M B Mt. 0 
6 1943 M A Mt. 0 
7 1943 M A Prod + 
s 1943 F A Prod + 
1943 F Prod. + 
a 1943 M Bb Prod + 
li 1943 k \ Prod 0 
12 1943 \ Prod. 0 
13 1943 F 4 Serv 0 
14 1943 k A Prod 0 
15 1943 fk A Prod. 0 
Ih 1944 M \ Prod. 0 
17 1945 M A Prod. 0 
18 tt 1945-1946 F B Office 0 
19 3$ 1945-1946 B Office 0 
20 $ 1945-1947 Fr A serv. & Clk 0 
21 1946 F A Prod. 0 
22 1947 M A Prod + 
23 B Ottice 0 


* Northern Ohio, basic beryllium industry, Plants A-B; correlates 


t HD-Hypersensitive dermatitis 
t TB-Acute tracheobronchitis 
§ P-Acute pneumonitis 

Case 2, approximate hour-exposure data based on employee 


© Case 3, actual hour-exposure data available from June 1, 1941 


Case 5, contractor personnel engaged in demolition and replacements of heavi 
tent over u two-year span 1944-1945 
** Case 10, Plant B, no hourly records available. Data caleulated on gro 
tt Case 18, data extrapolated on employee's volunteered information as to none 
tt Case 1%, no data currently available 


Case 


signed as full-time employee in capacity of clerk in the maintenance 


times probably in heavily contaminated area 


Case 23 


while in transit. 


no data currently available, 


DeNardt 


Initial employment date 


20, hour-exposure data extrapolated on knowledge of assignments, 


Acute Exposure Ir 
Cale. Extrap- 
P§ Actual Approx Max olated 
0 
0 0 210)-225 
+ 33s 458 
0 0 465 
0 0 ii 
0 0 205 
0 2356 
t 0 202 
+ 0 272 
0 $25 
0 0 3y2 
0 416 
0 0 552 
} 0 731 
0 1,054 
0 0 72 
+ 0 ain 
0 320 
0 
0 0 
0 0 
+ 


with Table 4 


statement 


May 13, 1941 


y contaminated duet work. Exposures intermit- 


carnings record 


ential visits in research and development area, 


Originally a part-time charwoman in offices. Later as- 
hop tool crib, Data extrapolated on minimum and maximum 
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Taste 3.—Summary of Occupational Assignments in the Twenty-Three Frank 
and/or Marginal Chronic Occupational Pulmonary Disease Cases * 


Plant A Plant B 
Male Female Male Female 

Basic Assignments Total Fatal Total Fatal Total Fatal Total Fatal Totals 
Production s 4 7 1 1 0 0 0 16 
Maintenance 0 X 0 xX 4 2 
: Services 0 0 1 0 0 0 0 0 1 

Clerical 0 0 1 0 0 0 3 0 4 

Incidence 9 2 3 23 
: Mortality 4 1 5 

* Northern Obio, basic beryllium industry, Plants A-B. 

Comments on Table 2 It is also apparent that an unusual hour 


It is apparent from Table 2 that 11 of | ©*Posute factor is consistently present in 19 
the 23 cases occurred through exposure in S45, all constantly exposed to uncontrolled 
the year 1943. It is also of interest to note air pollution during and in the course of 
that the entire series occurred through ex their employment. Two cases, Cases 18 and 
posures prior to 1949, 20, can be extrapolated for major exposure 


Taste 4—Summary of Total Incidence and Pertinent Clinical Data on Chronic 
Occupational Pulmonary Misease Cases * 


Clinical 


Latency, Initial Latest Contact 


Case Onset Yr. Mo, Contact Clin, Class. Steroid or Inform. Clin. Class. 
1 1942 2 1943 C4 eS 3/22/1944 C4 (Died) 
2 12/1944 3, 6+ 12/1947 C3 + 8/6/1958 C3-2 

11/1951 10, 4 ? ? ? ? 

4t 1947 5+ 1949 C3 0 9/19/1958 C2 

5 1953 7,4 11/1/1955 C4 + 9/1957 C2 

6 5/1953 10, 6 8/1953 C4 + 8/1958 C2 

7+ 11/1953 10 “4 0 1/8/1955 Died 

5 1955 12 (app.) 5/23/1957 C3 + 9/1958 C2 

9 1951 7,6 11/26/1956 Susp. 0 9/5/1958 C1-2 

10 2/1949 5 1949 C2 0 7/1957 C2 

i 9/1952 8,9 5/20/1953 C3 + 7/1958 C2 

12 § Asympt. a 1/1954 Cl 0 8/1958 Cl 

13 8/1946 2,6 12/1/1947 C2 + 8/1958 Cl1-2 

141) ‘ 9/5/1958 0 Cl1-2 

15 10/1950 4/1951 C4 2/10/1955 Dee. 

16 4 1947 3 (app.) 10/5/1950 C3 + 2/27/1958 C3 (Died) 
17 tt 1/1948 3; 7 4/26/1948 C4 + 12/2/1957 C4 (Died) 
18 8/1951 4, 10 3/1953 C3 + 8/1958 C1-2 

19 ? ? ? ’ 

20 + ? Diag ? ? ? ? ? 

12/1955 

21 11/1951 5 8/26/1952 C3 0 8/6/1958 C2 
22 1/1952 5 12/23/1953 C3 + 8/1958 C2 


* Northern Ohio, basic beryllium industry, Plants A-B, correlates with Table 2, 

+ Not avallable. 

t Cases 3, 7, 19, 20, and 23, not within our clinical sphere, Autopsy data available on Case 7. 

§ Case 4, refused therapy. 

|| Case 12, subjectively asymptomatic. X-ray diagnosis on Jan. 5, 1954, 

q Case 14, very recently certified. Unable to determine a definite onset pattern, 

# Case 15, autopsy data available, died Feb. 10, 1955. 

** Case 16, when seen one month prior to death, the patient had maintained a stabilized pattern. Developed an intercurrent ful- 
minating respiratory infection. Died Feb. 27, 1958. Autopsy data available. 

tt Case 17, died Dec. 2, 1957. Autopsy data available. 
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LONG-TERM EXPERIENCE WITH BERYLLIUM DISEASE 


time either through admission or by knowl- 
edge of assignments and physical lay-out of 
the plants. Cases 19 and 23 are currently 
being investigated. 


Comments on Table 3 


Plant A is engaged in basic chemical ex- 
Plant Bis 


development, 


traction and foundry work. 
engaged research and 
machining, and ceramics manufacture: it 
also contains general offices. 

Total incidence constitute 1.1¢¢ of all per 
sonnel exposed prior to the completion of 
current industrial hygiene controls of an 
engineering nature. The female incidence 
constitutes 3.20 of the female personnel 
exposed prior to completion of the current 
industrial hygiene controls. The male in 
cidence constitutes 0.680 of the male per- 


TABLE 5 


sonnel exposed during the same period. 
There is an apparent predilection for in 
cidence in the female. 

Mortality rate of this group: over-all, 
22¢ All 


were in the production group. 


e, men, women, 


Comments on Table 4 

Of the five known fatalities listed in Table 
4, three were initially classified as C4 cases: 
one existed prior to availability of steroid 
therapy, and the other two received steroid 
therapy without beneficial effects: One case 
was initially classified as C3 and remained 
static under steroid therapy; an acute ful 
minating intercurrent pulmonary infection 
terminated the clinical control, and one case 
was under medical surveillance outside of 
our sphere. From information recently re 


Summaries of Incidence and Pertinent Epidemiological and Clinical Data 


on Twenty-Seven Cases of Chronic Pulmonary Disease Attributed to Beryllium 
Ton Lxposure m Miscellaneous Industries 


Case Industry sex 
Fluorescent M 
2 Fluorescent M 
3 Fluorescent 
4 Fluorescent Fr 
5 Fluorescent F 
6 Fluorescent M 
7 Fluorescent F 
Fluorescent k 
Fluorescent I 
10 Fluorescent F 
ll Fluorescent F 
12 Fluorescent k 
13 Fluorescent 
Fluorescent M 
15 Fluorescent M 
16 Research & development M 
17 Research & development M 
Is Research & development M 
19 Research & development M 
20 Research & development M 
21 Ceramic materials M 
Ceramic materials M 
23 Mise. chem. plant: maint. M 
PS | Foundry: alloys M 
25 Electrician: basie ind. & salvage M 
26 ¢ Salvage: demolition phosphor mfg. M 
27 § Laundry: commercial k 


Latest 
Initial Clin, Contact Clin. 
Contact Class Steroid Inform. Class. 
2/1946 C3 1950 C2 
1449 Cl 
1950 C4 + 9/1958 
1950 C4 + 1/1958 
1950 C3 + 7/1958 C2 
1955 Cl 
C4 + 9/1958 C1-2 
C2 + 5/1953 C2 
+ 10/1954 Static 
C4 + 8/1958 Cl 
C3 5/1958 C2 
C1 7/1958 
12/1957 Cl 
1/1958 C3 + 8/1958 C2 
8/1949 C4 + 7/1957 C3 
8/1950 Cl 11/1954 Cl 
10/1952 C3 
6/1953 C2 
9/1953 C2 
1/1952 C3 + 12/1957 Ce 
1954 Died 
11/1951 C2 7/1958 Cl 
9/1955 C4 + 3/1958 C2 
9/1957 C3 + 1/1958 C2 
1958 C2 8/1958 Cl 


* Case 22, employed as chemist in an industry not utilizing beryllium in its products. Exposure to beryllium ion occurred at irregu- 
lar intervals when beryllium ceramics were being cut, ground, and/or polished on equipment in the patient’s immediate vicinity. 
+ Case 25, patient employed on a construction project at a basic beryllium plant. As an electrician working with salvage and dis- 
posal of fluorescent tubes it is probable that a dual exposure factor exists in this case 
t Case 26, patient employed by a company engaged in the demolition and salvage of an abandoned plant dealing with fluorescent 


phosphors. 


§ Case 27, patient had been a clothing checker and sorter in a commercial laundry servicing a basic beryllium production plant 
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ceived, it is indicated that this was an initial 
C4 without regression. There was no steroid 
therapy given. 

The current clinical status of the surviv- 
ing 18 cases is as follows: There was im- 
provement in 10 cases: 8 under steroid 
therapy and 2 without steroids. The status 
was static in two cases: one was under 
steroid therapy ; the other was a subjectively 
asymptomatic case. The initial status was 
recently determined in two cases, and the 
status was unknown in four cases which are 
under medical care outside the sphere of this 
group, 

Although there is a predilection for in- 
cidence in the female, the mortality rate in 
the male is dominant. 

When these data are correlated with those 
in Table 2, there is no apparent symmetry 
between the hour-exposure factor, the clin 


ical latency, and the initial clinical severity. 
Comments on Table 5 

Again a predilection in the female is 

noted in an industry that in the past used 

BeO. The 1006¢ male incidence in research 

and development is understandable on the 


TABLE 6. 


Incidence and Pertinent Epidemiological and Clinical Data on 
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basis of all male personnel. In this series of 
27 cases originating out of exposure in mis- 
cellaneous industries, progress is not known 


in 7 cases, 1 case has been recently certified, 


Of the 
remaining 18, the current information in 


and 1 case (Case 22) is deceased. 


dicates that steroid therapy was given in 13 
instances with varying improvement of 11 
cases and static status in 2; no_ steroid 
therapy was given in the remaining 5 cases, 
with some improvement in 3 instances and 
no change in 2 Cl-cases. 

our out of five original C4 cases have 
shown remarkable improvement with ster 
oids, 

The known fatality rate, calculated at 5% 
of the cases with progress status known to 
us, does not correlate with the severity ex 
perienced in the basic beryllium industry. 

Comments on Table 6 

A series of 20 documented cases of non- 
occupational exposure to the beryllium ion 
with resultant development of pulmonary 
disease is presented, 

Ten known cases had no other specific 
exposure except pollution from a basic pro 
ducing plant. 


Twenty 


Cases of Chronte Pulmonary Disease Attributed to Beryllium lon Exposure by 
Nonoccupational Contact 


Contact 


Air pollution: basic industry 


Clothing + air pollution: basie industry 


Clothing + basie industry plant visits 


Clothing vection 


*N. A.= Steroids not available. 
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Initial 
Clin, 
Contact 


Latest 
Contact or 
Inform, 


Steroid Clin. Class, 


1942 ; + 8/6/1958 C3 

1943 9/12/1946 Died 

1/1944 Died 7/15/1046 
12/1946 8/10/1958 Cl 

12/1946 8/11/1958 Cl 

4/1947 Died 8/24/1949 
5/1947 Died 8/24/1949 
2/1948 4/1954 C3 

6/1952 9/1952 

12/1953 8/10/1958 

2/1958 8/1958 

3/1958 8/1958 

6/1946 
7/1949 
1953 
4/1954 
1944 
1949 
1049 
10/1951 


we 


8/1958 
8/1958 
8/6/1958 


Died 11/27/1949 
1/1955 C2 
1/1955 Cl 
8/10/1958 
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Ten cases had work clothing as a com- 
l‘our of this number had ad- 
ditional specific exposure by reason of visits 


mon contact, 


to the basic producing plant, while two of 
the remainder had additional specific ex- 
posure by reason of residence in the area 
of air pollution by the plant. 

Summaries reveal an 800 female inci- 
dence in the air-pollution group and also in 
the total series. 

Six deaths are documented in the series ; 
all were previous to available steroid ther- 
apy. 

Clinical severity is marked in the group 
having resided in the air-pollution area. 

Of 14 survivors of this group, 8 are under 
steroid therapy, of which seven show 1-grade 
improvement since initial contact, and one 
shows static status; 6 are not. receiving 
therapy, of which 2 show 3-grade improve- 
ment since initial contact; 1 shows 1l-grade 
improvement since initial contact; 1 is static, 
and 1 is progressive (not in our medical 
control sphere ). 

The clinical severity of the nonoceupa- 
tional group, especially those under the 
industrial perimeter influence, compares re- 
markably with the basic industry experi- 
ences, 

Comments on Table 7 

It is apparent that the incidence with 
greatest morbidity arose out of exposures in 
the basic industry, The paralleling incidence 
with great morbidity in the nonoccupational 
group, having direct contact with the basic 
producer, is indicative of a high exposure 
factor, 

All six of the nonoccupational fatalities 
occurred prior to the availability of steroids. 
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The one fatality in the miscellaneous in- 
dustries group did not receive steroid ther- 
apy. The three fatalities in the steroid 
therapy group occurred in the basic pro- 
ducers experience. 

The beneficial effect of steroid therapy is 
very evident. 


Summary 


Studies, based on long-term experience 
with beryllium disease, have been presented, 
showing the following: (1) apparent ade- 
quate control of occupational acute disabling 
1953; (2) in- 
data on the chronic 
form of disease since 1953; (3) the present 


disease occurrence since 


cremented incidence 
clinical status of a major number of the 
personnel having had an acute form of oc- 
cupational respiratory disease ; (4) the con- 
centration of incidence of the chronic disease 
in the basic industry by exposures in cer- 
tain years; (5) an unusual hour-exposure 
factor in the basic industry experience ; (6) 
an abrupt cessation of the incidence of 
chronic disease in the basic industry, both 
directly and indirectly, since completion of 
industrial hygiene controls; (7) a predilec- 
tion for incidence of chronic disease in 
women; (8) a seemingly greater morbidity 
on incidence in men, and (9) the beneficial 


effect of steroid therapy on the chronic dis- 


Case. 
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Radiological Abnormalities in Chronic Pulmonary 


Disease Due to Beryllium 


JOHN E. GARY, M.D., and RICHARD SCHATZKI, M.D., Brookline, Mass. 


Introduction 


It has been almost a decade since the 
study of films of a large group of persons 
affected with chronic beryllium disease of 
the lungs was last reported. The Beryllium 
Registry now contains the records of over 
600 cases, and, through the courtesy of Dr. 
Harriet L.. Hardy, all cases in the registry 
with x-rays available were reviewed. Illus- 
trative cases and some conclusions will be 
presented, Since other aspects of berylliosis 
are to be reported in detail at this sym 
posium, only the most pertinent clinical and 
laboratory studies on the cases will be given. 

Some previous writers on this disease '* 
have postulated an orderly sequence of 
stages of lung involvement as depicted on 
Another * held the belief. that there 
are types of involvement rather than stages 


films. 


of berylliosis. Still another * postponed de- 
cision pending study of the disease for a 
longer period of years. 

ligure 1 shows on the left the sequential 
stages as previously proposed. From the 
present study, our concept is shown in the 
right part of the figure. When films of a 
given case made over a period of years were 
examined, it was seen that the disease usually 
does not follow an orderly sequence of 
stages. Cases were seen in which a pure 


granular type of reaction persisted un 


changed for up to six years; others began 
as nodular disease and stayed nodular. No 
found which changed from a 


case Was 


granular to a nodular pattern. 


Accepted for publication Oct. 30, 1958. 
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and in part by the Division of Biology and Med- 


grant 


icine, Atomic Energy Commission 


NOT THIS 


Normal 


Linear Fibrosis 


Fine or Coarse 
Nodulor 

4 Gronvlar af 


Linear 
Fibrosis 
Granular 


| 


Reticular 
C Reticulor 


Nodular 


Fig. 1—Sequential stages (left) and 


Ivpes ol 
involvement (right) 

Hilar and paratracheal adenopathy was 
seen in minimal and marked cases of each 
variety of response, granular, 
The 


majority of cases showed some degree of 


namely, 


reticular, nodular, and pneumonie. 


hilar adenopathy. In some the size of the 
nodes increased with time, while in others 
the nodes became smaller. 

It became evident that serial films are of 
primary importance if an early diagnosis is 
to be made. Persons known to have been 
exposed to beryllium should have a chest 
film at yearly intervals or more frequently 
if there is clinical evidence of disease, 
namely, cough, dyspnea, or weight loss. At 
least nine cases are known that show x-ray 
abnormalities consistent with berylliosis but 
as yet have no symptoms. One of these 
patients has been followed for five years 


still 


them do show minor pulmonary-funetion 


and ts without symptoms. Some of 
test abnormalities, namely, a diffusion de 
fect as evidenced by increased A-A 
gradient. This naturally raises the question 
as to whether treatment with steroid com 
pounds should be instituted prior the 


onset of symptoms. 
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2 (Case 1). 


Normal 


July, 1955. Right upper lung. 


An attempt to correlate the clinical status, 
the pulmonary-function test results, and the 
degree of involvement as depicted on the 
films that this 
was useless. Not infrequently these param- 


soon led to the conclusion 
eters of the disease are at Opposite poles. 
Minor x-ray changes may be seen in des- 
perately ill patients and major ones in 
No case 
has been seen in which the x-ray abnormal 


persons who appear to be well. 


ties reverted completely to normal with or 
without steroid) treatment, although some 
have shown marked radiological regression. 
Improvement in the clinical picture is fre- 
quently not paralleled by improvement of 
the x-ray appearance. There has yet to 
appear a single case in which there is clin- 
ical evidence of berylliosis which the 
chest film is perfectly normal. 

Because of the several types of response 
seen on films, it appears that a differential 
diagnosis 1s 


impossible by — radiological 


means alone. The number of diseases that 
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can mimic one or another of these patterns 
of response is legion. Sarcoid, miliary tu- 
those 
most easily confused with berylliosis. Lung 


berculosis, and silicosis are among 
biopsy, with the demonstration of a signifi- 
cant content of beryllium plus characteristic 
pathological changes, is necessary to make 
a definitive diagnosis. 

It should be stressed, however, that the 
finding of one of the known patterns of 
berylliosis on a chest film should immedi- 
ately alert the physician as to the possibility 
of this diagnosis. An inquiry regarding 
possible exposure may then be made and 
lung biopsy undertaken to substantiate or 
disprove the diagnosis, 

The importance of technique in so far as 
the manner in which the films are taken will 
be shown. Changing the phase of respira- 
tion can vastly alter the apparent degree of 
This 


portant consideration when an attempt is 


involvement of the lung. is an im- 


Fig. 3 (Case 1).—March, 1957. Right upper 
lung. A very minimal fine nodular pattern is now 
present, 


Vol, 19, Keb., 


1959 


| e 
AU. 
Se 
—— 
‘a 
‘ 
< 


RADIOLOGICAL ABNORM 


ALITIES 


Fig. 4 (Case 1). Right upper lung 


( | June, 1958. 
\ well-defined fine nodular pattern is now present. 


made to decide if there has been a slight 
change for the better or worse on examin- 
ing two films made on different dates. 
Unless the films are exactly comparable, it 
is hazardous to venture such an opinion. 


Report of Cases 


Case 1 


Purpose: to show the advantage of 
serial films for early diagnosis in persons known 
to have been exposed to beryllium. 

This man handled beryllium oxide powder as 
a stock clerk intermittently between 1946 and 1951 
He has never had any symptoms, although current 
a slight increase 


function show 


A\-A gradient. 
bk ck 


Tuberculin test 


pulmonary tests 


in his This is the so-called alveolar 


capillary syndrome which typical in 


negative, and he has 


Physical 


berylliosis. 


had no other known toxic exposures 
examination is normal 

Case 2.—Purpose: to demonstrate a granular 
pattern of response, with hilar node enlargement. 

This man developed dyspnea and a cough produc 
tive of yellow sputum and lost 25 Ib. of weight in 
1943, one vear after working as a research engineer 
light had 


known toxic exposures, and his tuberculin test was 


in a fluorescent factory. He no other 


negative 


His vital capacity was 58% when seen 


Schatzki 


Gary 


BERYLLIUM DISEASI 


in 1949, and a chest film was identical 
one shown, which was made in 1955 

Case 3.—Purpose: to show a reticular pattern 
with hilar node enlargement 


with the 


This man worked in a fluorescent 
from 1936 to 1946 


exposures, 


light factory 
He had no other known tox 
tuberculin test 


this film was made in 1954 


and when 
His chest film in 1951 


He has had 


Was negative 


was identical in appearance never 
any symptoms. 
4 


nodular pattern of response 


Purpose: to demonstrate a_ typical 
This woman tested and brushed powder out of 
fluorescent light 1941 to 1946. Het 


symptoms did not begin until nine years later and 


tubes from 
consisted of mild dyspnea, cough, slight eyanosis, 
skin 


tuberculin test Was negative. Biopsy of a skin nodule 


and about a dozen reddish nodules 


showed a granuloma consistent with berviliosis, and 


assay showed 3.6ug. of beryllium per 100 gm. of 
tissue. Her urine showed 0.03ug. of beryllium per 
liter. She was given cortisone im October, 1953, 
with remarkable relief from symptoms dis 


appearance of the skin nodules. Her x-rays in 1958 


5 (Case 2) —July, 1955. tine granular 
pattern is seen im this view of the right upper lung 
The entire lung looked the same. The hila are 
enlarged. The granular pattern has not changed 
at all since a previous chest film six years before 
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Figure 6 


6 (Case 3)—November, 1954. A_ typical 
reticular pattern is present throughout the lungs 
The hila are enlarged. The reticular pattern had 
not changed at all since a previous film three years 
before 


ig. 7 (Case 4).—October, 1953. Marked nodular 
pattern present throughout the lungs. This repro- 
duction of the right upper lobe shows the typical 
nodules. The hila are enlarged. Films five years 
later show no change. 


Fig. 8 (Case 5).—January, 1948. Detail of the 
right upper lung. The entire lung was similarly 
involved. There are multiple small patches of 
pneumonia and the hila are enlarged. 


Figure 8 
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Fig. 10 (Case 6) 
March, 1954. /axpiration 
film shows an apparent 
increase the nodular 
pattern, the hila appear 
larger, and the perihilar 
areas present an edema- 
like appearance. These 
two films show the im- 
portance of technique and 
illustrate the difficulty in 
judging whether there 
have been changes for 
the better or worse unless 
the films are exactly com 
parable. 


Fig. 9 (Case 6) 
March, 1954. Inspiration 
film shows nodular pat 
tern throughout the lungs 
with slight hilar enlarge 
ment 
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Fig. 11 (Case 7).— 
October, 1952. There is 
a nodular pattern the 
lungs with patches of 
consolidation particularly 
in the left upper lung 
The bases of the lungs 
appear emphysematous 


Fig 12 (Case 7) 
Nugust, 1956. Nodulation 
and consolidation pattern 
is largely replaced with 
linear streaks of fibrosis. 
The emphysema is more 


niarked. 
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Fig. 13 (Case 8)— 
September, 1947. Faint 
nodular pattern through- 
out. Marked hilar node 
enlargement. 


were unchanged from the one shown, which was 
made in 1953 before treatment 

Case 5.—Purpose: to show patchy consolidation 
type of chronic berylliosis. 

This man made a furnace liner with beryllium 
oxide on two occasions in late 1946 and late 1947 
No other toxic exposures known. His symptoms 
began less than one year later and consisted of 
dyspnea, cough, weight loss, and fever, in episodes 
Death occurred 18 months after onset of symptoms, 
and autopsy showed pulmonary granulomatosis due 
to beryllium 

Case 6.—Purpose: to show the marked change 
in appearance with inspiration-expiration. films 

This man. broke defective fluorescent light tubes 
into barrels in a fluorescent light factory in 1941 
and 1942 


consistent with berylliosis in 1951, at which time 


Lung biopsy showed granulomatosis 


he had a chronic cough and dyspnea. 
O.002ue. of 


Analysis 
showed beryllium per 100° gm. of 
A-A 
gradient of 35 mm. Hg (Normal upper limit, 10 
mm. Hg) This 
is another example of the alveolar-capillary block 


tissue. Pulmonary function tests showed an 


Other function tests were normal 


svndrome 
Case 7.—Purpose: to show change from nodular 


pattern wih consolidation to linear fibrosis. 


qary -Schatzki 


This man worked in a fluorescent light factory in 
1941 14% 


were used. His symptoms began seven years later 


when phosphors contaimime beryiliun 


in 1948 with dyspnea, weakness, weight loss, and 


multiple skin nodules. Biopsy of one of the nodules 


showed a granuloma consistent with berylliosis 


Tuberculin was negative 


CAsk &—Purpose: to show change from nodular 


pattern to nodular plus consolidation and hilar 


elevation during ll-year follow-up 
This patient was exposed to dust in a fluorescent 
light from 1940 to 1943 


four years later in 1947 with chronic nonproductive 


factory Symptoms began 


cough, precordial pain, dyspnea, weight loss, and 


mild cyanosis. Tuberculin test was negative. A film 


in 1946 was perfectly normal 


Summary and Conclusions 


The concept that there are stages of in 
volvement of the lung by berylliosis which 


can be identified from films is questioned, 


Rather it is believed that the lung responds 
this 
Types of disease rather than stages of dis 


in one or another way to irritant. 
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Fig. 15 (Case 8).— 
February, 1958. Nodular 
pattern increased. Basilar 
emphysema. Patches of 
consolidation especially in 
the left upper lung. The 
left hilum is elevated due 
to reduction in size of the 
left upper lobe. Basilar 
emphysema persists. 


Fig. 14 (Case 
April, 1950 Nodular 
pattern is markedly in- 
creased. The hila are no 
larger than before. 
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RADIOLOGICAL ABNORMALITIES 


case seems a concept more likely to depict 
the true state of affairs. 

There are frequently marked contrasts 
in the severity of disease as judged from 
the radiological appearance, the clinical con 
dition of the patient, or by pulmonary fune- 
tion tests. 


The importance of serial films of persons 


known to have been exposed to beryllium is 


stressed if an early diagnosis is to be made. 

The question of treatment of persons who 
show radiological abnormalities in the ab- 
sence of symptoms is raised. Cases with 
x-ray changes for over five years with no 
symptoms have been seen. The comments 
of other participants in this symposium are 
invited on this problem. 

Differential diagnosis is mentioned only 
brietly since it is believed that this is im- 
possible from films alone. A definitive diag 
nosis demands the finding of significant 
amounts of beryllium tissue showing 


Gary —S chatzkt 


BERYLLIUM DISEASE: 


characteristic pathological changes. No case 
has been seen which shows clinical evidence 
of berylliosis with a normal chest film, 

are not 
treat 


the disease 


discussed, since they are a guide to 


Complications of 


ment but of no help in diagnosis. 


1180 Beacon St. (46). 
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Radiological Diagnosis of Chronic Beryllium Disease 


GEORGE W. CHAMBERLIN, M.D., Reading, Pa. 


A chronic form of pulmonary disease of chronic beryllium disease. All of these 
associated with the inhalation of beryllium — patients have common signs, symptoms, and 
or its compounds * has been recognized in laboratory and x-ray evidence. As a group, 
this country since 1936, The accumulated they conform to those cases previously 
evidence of 23 years’ experience leaves us reported in’ the literature incident to. the 
with some facts and some imponderable inhalation of beryllium (Table 1). One 
data. Beryllium, like silica, has the poten- conspicuous difference in this series is the 
tial to produce pulmonary fibrosis, but it ts relatively large number of patients with 
unlike silica in its clinical and radiological secondary or neighborhood exposure. Of 
manifestations. Another striking difference — the 25 patients only 4 were employees. 
is that beryllium does not uniformly affect Seven patients: had CORRES with clothing 
the lungs of exposed persons and is even of employees ot a beryllium plant, and three 
inconsistent in the duration of its latent of these also lived in the adjacent neighbor 
period. hood. lour patients lived within radius 
of one and one-half miles, and lived 
lwenty-five patients from a community ton, 

ee ; six and one-half miles distant. Because of 
plant show climeal and radiological evidence this of cess. 
\ccepted for publication Oct. 30, 1958, interest to investigate the possibility of in 


Taste l—Summary of Patients with Clinical and Radiological Findings of 
Chronic Berylliosis 


Beryllium Present 


Case No. Age Sex Status Exposure Ilistology by Spectrography 
1 31 living Cmployee none not done 
2 61 M living employee none not done 
3 24 M living employee none not done 
4 42 F living employee none not done 
i) 24 KF dead nonoccupational * + not done 
33 dead nonoceupational * + + 
7 47 kr dead nonoccupational * + + 
& 56 F dead nonoccupational * + + 
9 dead nonoccupational + + 
10 4s KF dead nonoccupational * ‘ + 
ll 60 r dead nonoccupational + + 
12 a) | K living nonoccupational * not done + (urine) 
13 $1 KF living nonoccupational * not done not done 
14 7 KF living nonoccupational not done not done 
15 28 KF living nonoccupational + not done 
16 60) dead nonoceupational + not done 
17 et) M dead nonoccupational + + 
Is 40 KF dead nonoccupational + + 
F living nonoccupational + not done 

20 37 M living nonoecupational + not done 
21 32 F living nonoccupational not done not done 
22 58 M living nonoccupational not done not done 
23 3) M living nonoccupational not done not done 
24 6y KF living nonoccupational not done not done 
25 73 F living nonoccupational not done not done 


* Beryilium exposure through contact with clothing of employee, 
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Taste 2.—Patients Without Known History of Exposure to Beryllium 


RADIOLOGICAL DIAGNOSIS OF BERYLLIUM DISEAS! 


Lung 


Specimen Removed at Autopsy for Beryllium Assay 


Case No Sex Age Residence 
] M $1 Central Reading 
2 F $ Wernersville 
M Birdsboro 
4 M 6s Lebanon 
M 65 W yomissing 
if M 0 Stony Creek Mills 
7 F 60) Central Reading 
M 7 Temple 
9 M West Reading 
10 M ih W yomissing 
1 F 79 Reading 
12 F 70 Reading 
13 F 7h Mohnton 


eidental beryllium the lungs of other 
people in the community, Spectroscopic 
examination revealed) that) beryllium was 
present in the lungs of 12 out of 13 routine 
autopsy specimens (Table far as 
could be determined, none of these patients 
had clinical evidence of berylliosis. The one 
instance of a negative test was in a 3-year 
old child than 10 


distant. In necropsy material from a com 


who lived) more miles 
munity 50 miles away, no beryllium = was 
found in the lung ash.’ While this evidence 


needs further confirmation in a larger se 


ries, it suggests that some beryllium is 
being inhaled by a large segment of the 
population. This would account) for the 


presence of chronic granulomatous disease 
in those patients in the series who have no 
but 


reasonably characteristic clinical, radiologi 


recognizable exposure who do have 
cal, and histological evidence of the disease. 

The earliest roentgen evidence of chronic 
pulmonary berylhosis appears within a few 
weeks of the first symptoms of the disease. 
These lesions consist of finely granular 
densities which diffusely involve the lung 
parenchyma. Properly exposed stereoscopic 
films made during full inspiration are essen 
tial. Films which are made during expira 
tion, or ones which are overexposed may 
entirely obscure the parenchymal disease. 
One of our patients illustrates early radio 
graphic changes. 


Chamberlin 


Beryllium Present 


Cause of Death by Spectrography 


Auto accident + 
Dead on arrival None detected 
Peritonitis + 
Bronchopneumonia t 
Coronary thrombosis t 
Cerebrovascular accident + 


and diabetes 


Nephrolithiasis 
Aortic stenosis 
Peritonitis + 
Coronary occlusion 

Cerebrovascular accident + 
Intracranial hemorrhage + 
Myocardial infaretion 


Case & (Table 1) 
in bervilium plant for four years 


White man, aged 24, employed 
Ill for six weeks 
with fatigue, a cough productive of small amount 
loss of 17 lb., 


no known al 


of bright red blood in) morning, 
and marked dyspnea on exertion 
lergies or skin lesions; no heart disease. Examina 
tion showed a chronically ill patient without fever 
Respirations were very rapid and 


20-80 


or leukoevtosis 


during hospitalization varied from per 


nunute. There was evanosis of the lips and fingers 
Sedimentation rate, blood count, and plasma pro 
Chest Aug. 25, 


1), shows diffuse granular lung disease 


teins were not unusual 


1956 (Fig 


X-Tay on 


Patient was put on prednisone (Meticorten), with 
gradual nnprovement of chest lesions and disap 
pearance of symptoms. Chest x-ray, Sept. 7, 1956, 
shows better aeration, but lesions have not entirely 
cleared (Fig. 2). Follow-up one year later showed 
chest x-ray formal, no symptoms, patient returned 
to work 

In this patient, the exact pathological 
process which produces the roentgenograph 
ic changes has not been determined. There 
this 


and that seen with diffuse chemical pneu 


is a resemblance between appearance 
monitis and also anaphylactic state which 
might result from any antigenic factor, The 
clinical symptoms are more pronounced 
than the roentgen findings would suggest. 


The 


shows the reversible nature of the lesions 


prompt response to steroid therapy 


at this stage of the disease. 
9 (Table 1) 


stave of berylliosis is seen in Case 9, 


Cast \ somewhat more advanced 


a white girl, 


aged 9 years, with neighborhood contact with 


beryllium. Ill for one year with dyspnea, cough, 


loss of 15 Ib 


showed a chronically il child, weight 65 Tb., 


fatigue, and Physical examination 


normal 


$5,127 
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Fig. 1 (Case 8).—White man, aged 24. Symp- 
toms of six weeks’ duration. Both lungs are 
diffusely involved by disease, which produces a 
finely granular pattern. There is) hilar 
adenopathy, and the heart is normal. 
temperature. No skin lesions or palpable nodes, 
no leukocytosis, normal sedimentation rate, negative 
histoplasmin and tuberculin tests. Chest study 
showed both diaphragms flutter during respiration, 
but no measurable excursion was seen. The right 
ventricle was enlarged, and the hilar and pulmonary 
vessels were accentuated (Fig. 3). A diffusely re- 
ticular density is seen throughout the lungs. With 
the magnifying lens this density is seen to consist of 
numerous small opacities situated between or around 
small air pockets. These areas of opacity are 


Fig. 3 (Case 9).—White girl, aged 9 years. 
Symptoms of one year’s duration. Finely granular 
lesions, with early emphysema producing a reticular 
pattern. Diaphragms move poorly. Cor pulmonale 
present. 
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Fig. 2 (Case 8).—After two weeks of steroid 
therapy. Improved aeration with almost complete 
resolution of pulmonary lesions. 


generally round, oval, or linear but not discrete in 
outline, and with the adjacent small air pockets 
they form a finely reticular pattern in the lung 
parenchyma. 

At autopsy the left lung weighed 320 gm., the 
right lung, 490 gm. Consistency was firm and 
rubbery; visceral and cut surfaces were finely 
granular. Microscopic examination showed fibrosis, 
granulomas with giant cells and foreign-body in- 
clusions of the concha-cell type. Beryllium assay 
of the lung revealed 0.10ug¢. per 100 gm. dried lung 

Without treatment, the pulmonary lesions 
change as time goes on. Close inspeciion 
still reveals some areas of reticular density 
and poorly defined irregular-shaped nodules 
of varying size. In addition, fibrolinear 
densities are now more prominent and there 
is an increase in the focal emphysema. At 
this stage, the roentgenogram may be er- 
roneously interpreted as showing improve- 
ment, due to the increasing emphysema and 
better organization of the fibrogranuloma- 
tous lesions. 

Case 11 (Table 1).—This case illustrates the 
fibrotic stage of berylliosis. A white woman, aged 
60, had progressive dyspnea and dry cough for one 
year. She lost 30 Ib. in two years. There was 
neighborhood contact with beryllium, X-ray, Nov 
11, 1954, two and one-half years after onset of 
disease, shows a large right heart, marked pul 
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Fig. 4 
Symptoms of 
show diffuse fibrolinear densities and areas of focal 


(Case 11).—White 
two years’ duration. 


woman, aged 60. 
Both lungs 


emphysema. The heart is enlarged. Prior x-rays 
of this same patient showed a granular and reticular 
appearance. 
monary fibrosis, and areas of 
(Fig. 4). 

At autopsy 


focal emphysema 


there was a_ well-developed cor 


pulmonale and the lungs were fibrotic and showed 
consisting of masses of 


granulomatous nodules 


epithelioid cells, round cells, plasma cells, and a 


Fig. 5 (Case 11).—In- 
flated lungs after removal 


from thorax show the 
marked fibrosis, finely 
granular lesions, — and 


focal emphysema 


Chamberlin 


The 
large and distorted with 
Section of 


few foreign-body giant cells. alveoli were 


generally fibrous tissue 


thickening of the septa. a hilar node 
showed histiocytes and inflammatory cells produc 
Figure 5 shows the inflated lungs 
the 


revealed 0.05ug¢. per 100 gm. dried lung 


ing granulomas. 


after removal from thorax. Beryllium assay 

The chest roentgenograms do not show 
pleural involvement unless there ts a com 
plication, such as superimposed infection 
or cardiac decompensation. Hilar adenop 
athy has not been recognized on the chest 
films in this group of patients. It appears 


that enlargement of the hilar shadow. is 
more often due to grossly enlarged pulmo 
nary vessels. 

(Table 1) 


1951 with history of progressive 


Case 1 A Negro woman, aged 31, 


was first seen in 


dyspnea for four years. She was an employee of 
for one and one-half years, and 
the first 


There is cor pulmonale, marked 


a beryllium plant 


disease was in fibrotic stage when 


(Fig. 6) 
enlargement of the hilar densities, and pulmonary 


her 


seen 


This patient has resumed 
but had 
hospital acute 
The 
section films help to differentiate the hilar 
this 


emphysema and fibrosis 
on steroid therapy has 
the 


right 


limited activity 


occasional admissions to for 


pulmonary edema and heart failure 


body 
which in instance are 


densities (Fig. 7), 


seen to be due to large pulmonary vessels 


The differential diagnosis of chronic pul 


monary berylhosis has been thoroughly dis 


= 4 
ae = 
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Fig. 6 (Case 1).—Negro woman, aged 31. 
Symptoms for seven years, with some steroid 
therapy in later years. There is a well-developed 
cor pulmonale, with large hilar masses, pulmonary 
fibrosis, and emphysematous cysts 


cussed by other writers ® and need not be 
repeated in detail at this time. Table 3 
lists other diseases which need to be dif 
ferentiated radiographically from chronic 
berylliosis. Clinical physical 
the roentgenograms 
which show progress from granular to re- 


symptoms, 


findings, and chest 


ticular, to fibrotic disease during the course 
of serial study would eliminate most of the 
other confusing pulmonary diseases. In 
the early stage of chronic berylliosis, the 
lung picture may be confused with chemical 
pneumonitis, farmer's lung, silo-fillers lung, 
rheumatic pneumonitis, and the anaphylactic 
state. In the later phases of the disease, the 


Tasie 3.—Pulmonary Lesions to Be Differentiated 
from Chronte Berylliosis on the Roentgenogram 


\. Granular lesions 


1. Chemical pneumonitis; paradichlorobenzene, nitrogen 
dioxide 
2. Inflammatory or allergic response; rheumatic pneumonitis, 
erythema nodosa, lupus, virus pneumonia 
8. Nodular lesions 
1. Pneumoconiosis; silica, coal, iron, tale, asbestos, ete, 
2. Sarcoidosis 
3. Infections; miliary tuberculosis, fungus 
4, Neoplasms, miliary carcinomatosis, malignant lymphoma, 
polycythemia vera, pulmonary adenomatosis 
(. Primary vascular lesions 
1. Pulmonary edema, passive congestion, periarteritis 
1). Primary bronchial lesions 


1. Tracheobronchitis, bronchiolitis 
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Fig. 7 (Case 1).—Laminograph shows the hilar 
masses due to large pulmonary vessels 
pulmonary changes seen on the roentgeno 
gram need to be differentiated 


coidosis 


from. sar 


and other 


idiopathic forms of 


pulmonary fibrosts. 


Those patients who 
show gross hilar adenopathy without the 
other characteristic pulmonary lesions of 
chronic berylliosis are considered as most 
likely idiopathic sarcoid or perhaps a form 
of collagen disease, 


Summary 

Chronic berylliosis is a debilitating dis- 
ease with symptoms referable primarily to 
the respiratory tract. A presumptive diag 
nosis may be established on the basis of 
the clinical and x-ray findings. Histolog- 
cal examination or chemical or spectograph- 
ic analysis of the lung offers confirmatory 
evidence of the presence of this disease. 


Reading Hospital. 
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Disease 


Steroid Therapy 


Respiratory Pathophysiology in Chronic Beryllium 


Review of Thirty Cases with Some Observations After Long-Term 


EDWARD A. GAENSLER, M.D.; JEAN M. VERSTRAETEN, M.D.; WARREN B. WEIL, M.D.; 


DAVID W. CUGELL, M.D.; ASHER MARKS, M.D.; JOHN B. CADIGAN Jr., M.D.; ROBERT H. JONES, M.D., 


and MARJORIE F. ELLICOTT, M.D., A.M., Boston 


Recognition and definition of respiratory 
difficulties in beryllium disease considerably 
antedate detailed description of its clinical, 
features. 
More than 25 years ago the dyspnea, hy- 


toxicologic, and epidemiologic 
perpnea, and cyanosis of beryllium workers 
were compared with symptoms following 
phosgene poisoning, and the physiologic 
diagnosis of “pneumonosis,” or what some 


call block,” 


entertained.) earlier the treatment of 


now “alveolar-capillary was 
tuberculosis with beryllium salts was aban 
doned because of the development of re 
spiratory difficulties im certain patients.4° 
More recently, Wright et again stipu 
lated difficulty of oxygen transfer across 
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the pulmonary membrane as the basic defect 
in chromic beryllium disease; this was pre- 
sumed because of the invariable finding of 
greatly imereased alveolar-arterial oxygen 
pressure difference. This supposition has 
since been confirmed by direct) measure 
ments of the diffusing capacity for oxy 
gen ** (Do,) and carbon monoxide !” ( Deo). 
Indeed, modern descriptions of the “alveo 
lar-capillary block” syndrome were often 
based upon studies of groups of patients, 
nearly one-third of whom suffered from 
chronic beryllium disease.** 

At our laboratories, examination of pa 
tients with this and other pulmonary gran 
ulomatoses seven years ago quickly proved 
the limitations of conventional ventilatory 
function and arterial blood studies in evalu 
ation of their respiratory difficulties. Ac 
tually, it was primarily chrome beryllium 
disease which stimulated our development 
and comparison of a number of methods for 
measurement or estimation of the diffusing 
capacity of the lungs pulmonary 
compliance and resistance measurements.'* 

To date, not including unpublished 
series,!* there are descriptions the litera 
ture of only 26 patients with chronic beryl 
had 
function studies than vital capacity 
(Table 1). 


involve 


lium disease who more pulmonary 


leven this small number must 


some duplication, because is 
known that there are several patients with 
this disease whose pulmonary functional 
performance has been published separately 


from two and even three different labora 
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RESPIRATORY PATHOPHYSIOLOGY IN 


TABLE 1. 
Studies of Twenty-Stx Patients with 
Chronic Berylluon Disease Reported in the 
Literature?" and of Observed Changes 


Summary of Pulmonary Function 


with Steroid Treatment (Two Weeks to 
Seven Months) of Thirteen Patients 
Reported m the Literature "* 


Finding Total No. 


Finding Reported Studied % 
A. Pulmonary function studies 
Decreased maximal breathing 16 26 62 
capacity 
Decreased vital capacity 26 26 100 
Decreased resting O: saturation 20 24 
Increased A-a O gradient 1s 18 100 
Decreased diffusing capacity 4 4 100 
for O: 
Decreased diffusing capacity 1 (?) l 
for CO 
Increased physiologie dead space 4 6 67 
Data suggesting obstructive 7 26 27 
» emphysema 
Polyeythemia 7 2 27 
Death within period of report 26 23 
B. Observed ‘changes with steroid 
therapy 
Temporary increase of V C 10 13 77 
Temporary increase of M BC 10 13 77 
Increased resting O saturation 3(2to 10 30 
normal) 
Decreased resting A-a gradient 2 i Ww 
‘Temporary clinical improve- Ss 1s 62 
ment 
“Permanent” clinical improve 2 13 15 
ment 
tories. Reports of pulmonary functional 


changes after) steroid therapy even 
fewer. Only 13 patients with studies were 
found, and in these results were contlicting 
In all but two only corticotropin (ACTH) 
was used and treatment was limited from 
six days to a few months (Table 1). 
The object of the present analysis is (1) 
definition of the respiratory phy siologic dis 
turbances in chronic beryllium disease with 
emphasis on evaluation of carly disease or 
relatively asymptomatic patients; (2) com 
parison of various function tests, particu 
larly carbon 


monoxide-dittusing — capacity 


measurements, with other objective and 
with subjective findings; (3) evaluation of 
long-term steroid therapy in terms of phys 
iopathologic changes, and (4) comparison 
of the pattern of respiratory abnormalities 
in chronic beryllium disease with that found 


in sarcoidosis, 


Gaensler et al 


BERYLLIUM DISEASI 


Physiologic Methods 


ach patient) was examined at 


visit’ by 


every 


usual ventilatory function tests, including open 


circuit maximal breathing (MBC), vital (VC) and 
timed (TVG) 
circuit 


vital capacities, all triplicate; 


closed oxygen spirography; open-circuit 


functional residual capacity (FRC), and pulmonary 
mixing index (PMI), both in duplicate; a simple 
exercise test, fluoroscopy. Calculation ot 
predicted normal values and all techniques have 
been prey iously described.” 

four vears all 


During the last patients had a 


single-breath carbon 
(Deo) 


Forster et al” with some modification, ' 


series of modified Krogh 


monoxide-diffusing capacity tests, as de 
scribed by 
which were compared with predicted values based 
upon age, sex, and lung volume.* 


nulation 


number of studies mvolving arterial can 
endurance of our 
They 


measurement of alveolar and arterial oxygen and 


was limited by the 


patients technical assistants included 


carbon dioxide partial pressures (Poo and Peos) 


during ambient air and during low Cocecasionally 
calculation 


(A-a 


and, when 


high) oxveen breathing, with 


alveolar-arterial oxygen pressure difference 


gradient) and physiologic dead space”? 
theoretical and practical conditions allowed Cwhich 


was not often), calculation of oxveen-ditfusing 


capacity (Doo) and per cent shunt.” 


During breathing, 0.1% carbon 


rooml-air mon 
oxide was added routinely to the inspired gas. ‘This 
permited measurement of the steady state Deo as 


suggested by Filley’® caleulation of a 


modified per cent carbon monoxide uptake."” Con 


ventional measurements of arterial Os saturation, 


CQO. content, and pli were made simultaneously 


Exercise tolerance was determined on a tread 
mill, and mill speed and incline were then ad 
justed to permit steady-state work Whenever 


possible all studies mentioned above, except low 
oxveen breathing, were then repeated."” Occasion 
ally, and only 


during exercise, alveolar Pros Wats 


estimated by continuous infrared analysis of ex 


Deo 


Poo, or from estimated dead space.” 


pired gas and was calculated) from this 


Inasmuch as we wished to avoid multiple arterial 


punctures, it was rarely possible to obtain on the 
same day all the measurements enumerated. Tlow 
ever, an attempt was made to use the same type 


of measurement on each occasion during follow-up 
the effect of 
1952-1953, a 


studies ot steroids 


l Juring number of me asurements 


of pulmonary compliance and resistance were 


made No. follow up ol these 1s avathable, In 


cause the studies were eliminated from our routine 


partly beeause they appeared to add little to infor 


mation already available from = conventional tests 


and partly beeause the considerable time required 


was not available 
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Yy Normal 


Fig. 1. 
maxunal breathing (MBC) 
cated as per cent of the 
cent of the total VC 
remaining in the “alveolar’ 
indicates the percentage 
hatched areas show the 


predicted normal ; 


usual normal range 


Moderate to 


the one-second timed vital capacity (TVC) 
, and the pulmonary mixing index (PM1) indicates the per cent of nitrogen 
gas after seven minutes of breathing oxygen 
of the total lung capacity occupied by residual volume. The 


Severe Emphysema 


Results of ventilatory studies in 30 patients with chronic beryllium disease. The 
and vital capacity (VC) and the 


residual volume (RV) are indi- 
as per 
The RV/TLC ratio 


cTOSS- 


for that determination, and stippled areas show 


the usual range found in patients with moderate to severe chronic obstructive emphysema 


Clinical Material 


The present group includes 30 patients in. whom 
the diagnosis of beryllium disease was established 
by the All had a compatible 
occupational history; all had “typical” 
findings, and all but two had the 
subjective 


following criteria: 
roentgeno 
graphic usual 


complaints of cough and exertional 
addition, the 


supported by or 


dyspnea. In diagnosis usually 


more of the following: 


beryllium im the urine and lung biopsy with a 


characteristic often 


histopathologic lesion and 


with a positive beryllium 


Several other 


analysis of the specimen 


patients whose diagnosis was un 
convincing on epidemiologic grounds were excluded 
from this study, 

with 45 


biopsy, 


Comparison was made 


patients with 


sarcoidosis “proved” by only one of whom 


had an occupational history suggesting exposure 
to beryllium but without beryllium in 


of lung tissue. 


a specimen 
Depending upon the measurement 


in question, 10 to 98 normal volunteers provided 


the background for comparison with the “predicted 


999,10, 22 23 


normal. 


Results and Comment 


Results of conventional studies of me 


chanics of breathing are shown in Figure 1. 


The rather large normal predicted range, 


indicated by cross-hatched lines, was de 


rived from regression equations which 
have a standard error of at least 2067 
normal maximal 


Relatively breathing 


capacities were not unexpected in beryllium 
disease and have been found in other pul- 


monary granulomatoses. Hlowever, our pa 
tients performed even better in this regard 
than the previously studied groups ; 
two-thirds had an MBC 


range, Whereas in previous studies only one 


about 


within the normal 
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third performed this well (Table 1). The 
fact that 13 of 30 patients showed values 
better than 100% of predicted, with some 
ranging up to 140%, suggests again that 
patients with a constant stimulus to over 
breathing and with a reduced stroke volume 
may possibly develop hypertrophy or at 
least greatly improved coordination of the 
respiratory musculature.* 

The vital capacity observations deviate 
markedly from previous experience in this 
disease; more than one-half had a maximal 
stroke volume within the predicted normal 
range (lig. 1), whereas previously reduc 
tion of the vital capacity had been an 
invariable finding (Table 1). Since per 
formance of VC is not affected by tech 
nique or instrumentation, it must be 
concluded that those patients studied be 
tween 1952 and 1958 who developed symp 
toms late or are long-term survivors tended 
to have less severe restrictive disease than 
the 26 patients **'**! studied between 1949 
data 


challenge the view that in these cases “in 


and lurthermore, these new 
ability to attain adequate inspiratory ca 
pacity is an important contributing factor 
to the conscious awareness of dyspnea.” ' 
All but one patient in this group had short 
ness of breath, yet better than one-half 
maintained a normal inspiratory capacity. 
Also, in a few patients pulmonary compli 


normal limits at all 


ance remained within 
breathing frequencies. 

Slight reduction of the timed I’C, or the 
percentage of vital capacity exhaled during 
the first second, was found in most cases. 
This does not coincide with the general 
concept of chromic beryllium disease as a 
restrictive disease. Normal subjects are able 
to exhale, on the average, 860 of the vital 
capacity in one second, and patients with 
reduced vital capacity but normal remaining 
lung can expel an even larger percentage. 
Here, only five patients performed normally 
and others unable to deliver 
70%, 
the majority of these patients have minimal 


seven were 


the lowest limit of normal. Perhaps 


‘obstructive” disease not demonstrated by 


the other ventilatory tests. That broncho 
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spasm may play a small part in the pulmo- 
nary disability of some is suggested by 
slight) improvement after bronchodilator 
aerosol and the disappearance of wheezes 
and prompt increase of TVC after initiation 
of steroid therapy. Patchy, focal areas of 
emphysema also may contribute to the ob 
served obstructive picture; such small areas 
of lung disruption could be demonstrated. in 
nearly all of the lung biopsies available for 
this study, 

The percentage of total lung capacity 
occupied by residual volume (RV/TLC> 
100) was slightly elevated in a few patients. 
In the past this has been attributed to a 
FRc. 


always due to an absolute increase of the 


diminution of Ilere it was almost 


KV, which was greater than 125 of pre 
dicted in 16 patients (lig. 1). 

Normally, no more than 1.5 Ne remains 
in the “alveolar” gas after breathing Oz 
for seven minutes; with hyperpnea during 
the wash-out period, during pregnancy, for 
example, this “pulmonary mixing index” 1s 
lower. 


even Ten patients showed a truly 


elevated PMI, and there was one whose 


PMI reached a level commonly seen in 
serious obstructive disease. Some of the 
normal values should) be considered with 


some suspicion because almost all these pa 
tients had hyperpnea at rest, 

The ranges of values of ventilatory stud 
les seen in moderate to severe chronic ob 
structive 


emphysema are indicated by 


stippled areas Figure Only two pa 
tients had a significant degree of complicat 
ing emphysema, whereas in previous reports 
27 of all patients showed results sugges 
The 


emphysema again may indicate 


tive of this complication. small inet 
dence of 
that our patients had less advanced disease; 
data of others suggest that significant dis 
ruption of the pulmonary architecture is 


Also, 


bullae and spontaneous pneumothorax were 


a late occurrence. grossly visible 
common in previous reports but were not 
found in this series 

A slightly low oxygen saturation was the 
commonest abnormality among the conven 


ble vl 


studies at 


tional arterial rest 
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Taste 2.—Comparison of Respiratory Physiopathology in Beryllium Disease and in Sarcoidosis 
Beryllium Disease Sarcoidosis 
No. Mean No. Mean Normal 
Procedure Patients & 8. D. Range Patients & 8. D. Range Mean 
Max. B. C., % predict. 2 934-22 35-198 45 832427 37-137 116 
Vital C., % predict 29 S1+19 29-117 45 78222 21-118 108 
V.C., % first second 29 71412 29- 93 36 76416 31-100 86 
Residual vol., % predict. 2 136447 52-258 42 125-60 51-328 115 
(RV/TLC) X100, % 2 32+ 9 16- 54 41 31410 13- 58 26 
Pulm. mixing index, % N 28 1.4+0.9 0.3-4.8 36 1.4+1.0 0.4-4.6 0.8 
Rest 
A-a gradient, mm. Hg 2 34411 10- 60 20 2'+ 9 ll- 42 4 
saturation, % 22 4 YS 24 93+ 3 82- 99 
pCO 4, arterial, mm, Ig 20 5 24- 45 20 4 48 42 
Vent. equiv. for O04, L/100 ce 27 $540.7 2.3-5.1 $l $.2+1.3 2.1-5.7 2.4 
Deo (st. st), ml/min/mm. Hg 23 8+2.7 4.2-18.7 943.7 3.5-15.6 22 
Deo (Ss. b.), ml/min/mm, Ig 22 2046.3 7- 33 2046.8 26 34 
Exercise 
A-a gradient, mm Hg 17 35417 12- 6H 17 30418 9- 69 3 
saturation, Vit 9S 17 93+ 3 97 wd 
arterial, mm. Hg 2 384 & 28- 46 1S 4 20- 5A 4) 
Vent. equiv. for O», L,/100 ce IS 3.0+0.7 2.2-4.6 16 2.940.7 1.7-3.9 23 
Doo (st. st.), m!/min/mm., I¢ 15 19+ 6 10- 35 7 54- 3) 3s 
REST 
100 z= SOF 
i 
90} ° S so} 
a 
20} 
60 a 10 
Y Fig. 2—The steady- 
| YY state carbon monoxide 
10 20 diffusing capacity both at 
Dco Steady State, mi /mn /mmHg Steady State, mi /min / mmHg rest and during exercise 
is plotted against the 
arterial oxygen saturation 
on the left and against 
EXERCISE the alveolar-arterial oxy- 
gen pressure difference on 
100; = sop the right. Usual normal 
range 1s indicated by 
cross-hatched areas 
. 
90} 30} 
SY a5} 20} 
eo} 10 
a y 
Yj 
Vs 
30 


10 20 
Deg Steady State, mi/mn/mmig 


Yl Normal Range 


(Table 2, Fig. 2). Although only a single 
patient had a normal saturation of 960, al- 
most one-half came close to that, and the 
inean saturation for the group was 91.7, Ex- 
ercise saturations, obtained in one-half of 
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10 20 


Ocg Steady State, mi /min /mmig 


the patients, obviously included only the less 
disabled; however, a previously described 
precipitous fall of saturation with associ- 
ated cyanosis occurred in only a few (Table 
2, Vig. 2). The mean saturation during 
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exercise was exactly the same as at rest, 
because several patients showed a marked 
increase during exercise which they 
achieved by extreme hyperventilation and 
marked increase of alveolar Po... This com- 
pensatory response was lacking during low- 
oxygen breathing, and therefore marked 
hypoxemia developed. In point of fact, our 
inability to calculate Do, on many occasions 
was due to selection of 16 or 144 oxygen 
mixtures, which caused such a drop of Po, 
that Oy uptake, the respiratory exchange 
ratio, and, presumably, cardiac output and 
the A-V difference were no longer compa- 
rable with conditions of room-air breathing. 

Alveolar hyperventilation, evidenced by 
an increased alveolar O. tension, and mild 
respiratory alkalosis, evidenced by low ar 
terial CO, tension and high p//, were found 
in 50% of the patients. The stimulus to 
hyperpnea was not always apparent. Over 
breathing did not depend upon ability to do 
this; several patients with apparently nor 
mal ventilatory capacity and relatively low 
arterial Po, failed to compensate by hyper 
ventilation, Thus, hypoxemia of a mild 
degree is not necessarily the stimulating 
factor. On the other hand, some patients 
with marked diminution of vital capacity 
and pulmonary compliance also failed to 
hyperventilate, which suggests that an in 
creased stretch reflex alone also need not 
Most hy 


perventilators did not respond to pure oxy 


necessarily stimulate hyperpnea, 


gen breathing by decreased ventilation. 
Perhaps this indicates a lowered threshold 
of the respiratory center to Peo, and/or pil 
stimuli. The patients deseribed here be 
haved much like normal persons at high 
altitudes ; hyperpnea persisted during short 
term oxygen therapy, 

Not all patients had diffusing capacity 
measurements by all three techniques indi 
cated on ligure 3. Do, could be caleulated 
on only nine occasions. “Techmical diffieul 
ties of arterial Po. measurements and diffi 
culty guessing the correct low-oxygen 
breathing mixture, already alluded to, re 
sulted in failure on a number of occasions. 


The normal resting Do, is not well estab 
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Do, Deo 
Steady Stote 
34 
32h 
26+ 
L 
26 
24+ 
22} 
Y 
te 
3 16) 
§ 14 
x 10 4, Y 
8) 
4 7 
2 
Yi. Normal Range 
3. Comparison of directly determined oxy- 


gen diffusing capacity (Doe) with carbon monoxide 
diffusing capacity (Deo) obtained by the steady 
state and single-breath techniques. All of these 
studies were performed at rest. The normal range 
for Deo is indicated by the eross hatehed areas 
Fhe Doo in normal subjects at rest is not easily 
measured and is not well established. 


lished but is said to be greater than 15 mi. 
per minute per millimeter Hyg?" Two of 
our patients fell within this normal range. 
Previously a Do, has been reported in four 
patients with berylliosis, and it was low on 
each occasion! 

Deo determination has been attempted 
once before in one patient. The original 
Krogh two-phase technique was used, 
which is now known to be imadequate.** 
This is a report of 33 resting and 31 exercise 
Deo and 96 
modified breath-holding Deo measurements 
this 


steady-state determinations 


performed in 22> patients of group) 


2-5), 
Steady state Dry at rest (oxygen uptake, 


200-350 mil. per minute) was below our 


normal range in all but two patients (hig 
4). 


It is of interest that it was low in one 


137 


; 
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ee 26 Patents 
10 Normal Subjects 


e s e 


09 10 12 
Minute 


17 


The steady-state Deo in 26 patients with beryllium disease and in 10 normal subjects 


at rest and during exercise. The Deo is plotted against oxygen uptake. The exercise, whenever 
tolerated, was walking on a treadmill at the rate of 3 mph on an 8% incline. 


patient who had no symptoms and in two 
who had dyspnea only during severest: ex 
The Deo 
very well with the simultaneously measured 


ertion, steady-state correlated 
Dy,, 1 that the lowest values by both tests 
were seen in the same patients (lig. 3). 
In the group of nine patients who had both 


tests simultaneously, the Do, averaged 12.9 
ml. per minute per millimeter the 
Deo, 7.6 mi. 


(9.3 ml. when corrected for 
the lesser ditfusibility ot CO). 

In every patient in whom both resting 
and exercise Deo measurements were made, 
an increase of the diffusing capacity oc- 
curred during exercise which was closely 
related to the rise of metabolic activity 
(oxygen uptake, 650-1,700 ml. per minute). 
lurthermore, the rate of increase was 
roughly equal to that observed in 10 normal 
subjects (Pig. 4). It thus appears that in 


this disease, unlike emphysema, the pulmo- 
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nary vascular bed, and hence the size 
the pulmonary membrane, is well able 
enlarge, at least in those patients who can 
It should be 
noted that, in contrast to previous. series, 


exercise at a moderate rate. 


cor pulmonale was not an overt feature in 
any of these patients. 

The single breath Deo was determined in 
nearly all patients and averaged more than 
twice the value of the steady-state Deo 
(Table 2). 


than one-half of the patients had values 


igure 3 suggests that more 
which fell within the normal range. Over 
the years, this technique has proved some 
what more discriminating: it was found that 
normal performance varies quite predictably 
with age, sex, and lung volume.*° Applica- 
tion of regression equations based on per- 
formance of 98 normal subjects showed 
many fewer normal values in the patient 
group than appears from [igure 3. 
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Fig. 5, 
different lung volumes 
patients are shown 


by the line between arrows. 
broken lines 


The determined value of the single-breath 
Deo varies greatly with the lung volume at 
which the breath is held.!' In several in 
of that 
person’s total lung capacity (TIC) was 


stances the Deo obtained at 


within the normal predicted range, whereas 
on the same day breaths held at 70. or 80% 
of the TLC resulted in values suggesting 
significant diminution of this value (lig. 5). 
Not all patients were evaluated in this man 
ner; serial Deo determinations at various 
lung volumes were obtained only during the 
last two vears. 

Patients with the lowest steady-state Deo 
also had the lowest single-breath values and 
vice versa (lig. 3). However, the differ 
ence in numerical values and discrepancies 
this 


other 


in individual patients of and 
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4 


Lung Capagty at 


Norrnal 


Range 


100 


Which Breath Was Held 


Multiple single breath Deo determinations performed with the breath held at 
One hundred per cent of lung volume is the total lung capacity de 
termined by addition of residual volume to best vital capacity 


Representative curves for seven 


The predicted normal range was calculated for each patient and is indicated 
Phe corresponding curves and normal ranges are connected by 


studies *!! suggest that the figure obtained 
by the two tests is not the same “diffusing 
capacity.” general, values obtained by 
steady-state techniques appear to correlate 
better with theoretically caleulated minimal 
diffusing capacity requirements, with other 
objective respiratory data, with objective 
clinical findings, and with subjective com 
plaints. 

As expected, there was significant 
correlation between oxygen saturation and 
Deo at rest (Pig. 2). Minor degrees of 
“alveolar-capillary block” were easily com 
pensated for by hyperventilation which does 
not affect Deo! During exercise there was 
a small but significant correlation between 
these two measurements. The single most 


consistent and most significant abnormality 
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the alveolar-arterial 
difference. This was 
greater than 10 mm, Hyg in all patients 
(Fig. 2) 
and 35.2 
The 


ease has been considered indicative primar 


was an. clevation of 


oxygen — pressure 
and averaged 33.6 mm. at rest 
mm. during exercise (Table 1). 
increased A-a gradient in this dis 
ily of diminution of diffusing capacity or 
“alveolar-capillary block.” 

In this A-a 


gradient and diffusing capacity was poor 


series correlation between 


both at rest and during exercise. It was 
recognized as early as 1936 that the arterial 
unsaturation in the face of adequate alveolar 
ventilation in beryllium disease may be due 
to venous admixture.’ Today we know that 
“lung shunt,” or local discrepancies in the 
ventilation-perfusion ratio, contribute sig 
nificantly to the A-a gradient during room 
air breathing in a number of diffuse granu 
lomatoses.5 116242627 our patients we 
found that, in spite of normal pulmonary 
gas distribution as indicated by the Pulmo 
nary Mixing Index, the physiologic dead 
space was almost invariably increased ; this 
indicates that a significant amount of lung 
tissue was well ventilated but poorly per 
fused. On the other hand, in the nine pa- 
tients in whom we were able to calculate the 
per cent shunt, this ranged from & to 
30% and averaged 18% (normal: less than 


6% 7477) Therefore, some areas of lung 
were well perfused but poorly ventilated, 
and a significant proportion of pulmonary 
blood 


pletely arterialized, One can no longer agree 
with Wright * that the increased A-a gradi 


flow entered the left atrium incom 


ent of beryllium disease 1s entirely due to 
an impediment of oxygen transier across 
the membrane. 

Observations During Long-Term Steroid 
Therapy. ago 
others that 
(ACTH) might be able to alter the course 


ight Thorn and 


years 


first suggested corticotropin 


of beryllium disease. This was apparently 


substantiated by respiratory physiologic 


studies of five patients.™'S Subsequently, 
a few reports have appeared of more '**! 
17 


or less '? favorable respiratory changes with 


therapy; none is relevant today, because 
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usually only corticotropin was used, often 
in inadequate amounts, and always for short 
periods 
tailed 

subjective 


days or weeks. In the more de- 


studies, marked 
(except the 
moribund), significant but temporary in- 
creases of VC and MBC (even if the latter 
was in the normal range to start with), and 


findings included 


provement 


probably insignificant changes of Oz» satura- 
tion and A-a gradient (Table 1). A single 
patient was observed by two-level oxygen 
breathing techniques and showed no im 
provement of 


We have had the opportunity to observe 


with 
steroid therapy in patients. 


physiopathologic changes long-term 
Most of 
cortisone, 
100 mg. per day, between 1952 and 1956. 


Usually the dose was tapered to 60 to 15 


these patients were placed on 


mg. per day, and usually a change was made 
more recently to equivalent doses of pred 
nisolone. Most patients were studied re 
peatedly during three years of continuous 
The follow-up 
eight months and the longest four and one 
half vears (lig. 6). 


treatment, shortest Was 
No patient was seen 
after prolonged interruption of long-term 
treatment, 

individual 
presentations or detailed tabulation of all 
results. An attempt was made in Figure 6 


Space does not permit case 


to show progressive changes of the most 
significant ventilatory and respiratory data. 
Superimposition of all patients starting with 
zero vears ( — beginning of treatment) was 
not strictly accurate, because several had 
pretreatment studies some weeks or months 
before therapy was actually started. Three 
patients had repeated studies before treat- 
ment indicated in years going back from 
ZCTO., 

In general, two types ot response curves 
were observed. Patients who were seen be- 
fore and not again until after several years 
of treatment in general showed no. signifi 
cant alterations of mechanics of breathing 
or of arterial blood and diffusing-capacity 
studies. showed a 
TVC and 
PMT, all of 
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0, SATURATION, % 


STEADY Dog, mi/min/mm Hg 


Usual Steroid Aix 


Time ion 


Fig. 6 


are plotted in line with “zero years.” 


“zero” line 
Steroid Rx” consisted of 100° me 
During most recent years cortisone 


On the left solid lines indicate MB¢ 


which suggested the development of early 
obstructive emphysema. Patients who were 
seen before, during the first year, and again 
after many years of treatment usually 
showed early favorable change of both ven 
tilatory and respiratory responses, but find 
ings reverted to pretreatment levels after 
some years. 


MBC, 


illustrate these two types of responses | SIX 


Changes of shown Figure 6, 


patients were restudied within one and one 


half vears of treatment, and five of these 


showed a 5€¢-206¢ increase of MBC; those 


with lowest MBC had the largest degree of 


improvement. Tlowever, all five reverted 


to pretreatment values within the next two 


or three vears despite continued therapy. 
Three patients were seen before treatment 


and again more than three years later. In 
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Ys Normal Range 


Eleven patients studied before and at intervals during long-term steroid therapy 
Not all patients had all determinations on each occasion. “Thi 


immediate pretreatment values 


karher pretreatment values are indicated to the left of the 
The accepted normal range is indicated by the cross-hatehed areas 
cortisone per day 


“Usual 
tapered later to 60 to 15 mg. per day 


was often replaced by equivalent doses of prednisolone 
and the broken lines, 


\-a gradients 


MBC 


slightly. 


these the remained unchanged 


decreased less) marked 


TVC, 


effectiveness of the mechanies 


changes were seen in VC, and other 
indices of the 
of breathing. 

Seven patients had serial A-a gradient 
measurements. In view of the technical and 


theoretic limitations of arterial Py. meas 


and 
that 


urements 
is telt 


alveolar Pe calculations, it 


no significant long-term im 


provement in this gradient occurred. bout 
patients, perhaps, showed a 10 to 15 mim. 


Ile decrease over the years: one detinitels 


became worse after initial improvement, 


with a gradient rising from 30 to 60 mm 


and one, studied on five occasions at roughly 


six-month intervals, showed a marked dim 


inution during the first six months and then 


leveled off. It can be stated definitely that 
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after long-term steroid therapy not a single 
patient had an A-a gradient which came 
near normal levels; the lowest gradients 
were from 22 to 26 mm. 

The shape of the Oz dissociation curve is 
such that, with the relatively high arterial 


I’), found in these patients, changes with 


therapy would be almost invisible if as- 
sessed by degree of oxygen saturation. 
igure 6 shows that this was, indeed, the 
case. Of eight patients who had serial sat- 
uration measurements, six showed no 
changes which were not within the normal 
variations of the technique. One, with a 
slight increase initially, reverted to pretreat- 
ment levels after two years, and another 
showed a fall of 1.5%. 
Diffusing capacity 
available for all 11 treated patients. Unfor 
tunately, the CO techniques had not been 
explored first two 


years of this study, and the earlier Og “dif- 


measurements were 


clinically during the 


fusing capacities” derived from resting and 
exercise studies instead of resting and low 
Os breathing were discarded probably 
unreliable; therefore, comparison by the 
same method could be made in only five 
of the 
steady state Deo remained unchanged, and 


patients (lig. 6). two these 
in two it rose slightly during the second and 
fourth years of treatment. A definite initial 
nprovement was observed in one patient, 
which was paralleled by similar changes of 
A-a gradient, Og saturation, and Do, but 
all results reverted to pretreatment levels 
during the next year of observation. 

The data illustrated in Figure 6 and much 
other data not shown here can be summar 
ized by saying that in those patients who 
were studied repeatedly during long-term 
treatment there was a slight improvement 
initially, with return to pretreatment levels 
within one to two years after onset of treat 
ment; those patients studied only before and 
some years after onset of treatment showed 
no change which could not be explained by 
normal variability of individual perform 
ance and laboratory technique. 

On the positive side it can be said that, 
except for the development of slight ob- 
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structive emphysema in two patients, none 
treated continuously for many years showed 
This in 
marked contrast to experience before the 


any significant deterioration. is 
advent of steroid therapy when deteriora- 
tion was often rapid and mortality ranged 
from 20% to 100%. 
explanations for the now better prognosis: 


There are two possible 


either steroid therapy has materially altered 
the natural course of disease or only those 
patients were included in our series who 
developed their disease relatively late after 
exposure and had less serious disease than 
earlier cases. There are several reasons 
which lead us to believe that the latter ex- 
planation applies: 1, Comparison of our 
pretreatment respiratory data with those 
obtained during an earlier period suggests 
that these patients had less serious disease 
(Table 1). In contrast to previous reports, 
none of them had overt cor pulmonale nor 
polycythemia; nearly one-half had vital ca- 
pacities within the normal range; only two 
had serious obstructive emphysema; none 
showed 


bullous areas on roentgenograms ; 


none had episodes of spontaneous pneu- 
mothorax ; none had serious oxygen unsat- 
at 
therapy, and all were able to lead a rela- 


A 


number of patients who had serial observa- 


uration rest; none required oxygen 


tively comfortable sedentary life. 


tions over the years without the benefit of 
steroid therapy also failed to show. signifi- 
3: 


jective improvement during steroid therapy, 


cant functional deterioration. Initial ob- 
followed by decline of functions with con- 
tinuous treatment, suggests that the bene- 
ficial effect of these drugs on granulomatous 
tissue is not sustained. Perhaps it will be 
found that with larger doses and more spe- 
cific steroids the physiopathologic process 
of this and other related diseases can be 
altered more significantly and more perma- 
nently. 

Comparison of Respiratory Physio pathol- 
ogy im Beryllium Disease and Sarcoidosis. 

The only other large group of patients 
with diffuse pulmonary disease, with a defi- 
nite pathologic “diagnosis,” and with studies 
by identical methods over the same period 


Vol. 19, Feb., 1959 


= 


RESPIRATORY PATHOPHYSIOLOGY IN BERYLLIUM DISEASE: 


of time were 45 patients with sarcoidosis. 
All had and 
nearly all, residual volume and pulmonary 
distribution about two-thirds had 
arterial blood and diffusion studies at rest, 
and had 
The number of patients 


simple ventilatory studies 


studies ; 


somewhat fewer similar studies 
during exercise. 
who had each test, the mean results for the 
group, together with standard deviation and 
range, are indicated on Table 2. The simi 
larity in performance between the present 
group and patients with sarcoidosis is im 
mediately striking. 

Concerning ventilatory studies, the pa 
tients with sarcoidosis performed somewhat 
less well, but, on the whole, data closely 
resembled those of the group with beryl 
lium disease; there was slight reduction of 
MBC, more definite but small reduction of 
VC, occasional elevation of RV, and, for the 
most part, normal pulmonary mixing in 
dices. In both few 
patients with moderately advanced chronic 


groups there were a 
obstructive emphysema who raised the aver 
ages for RV/TLC ratio and PMI. On the 
whole, ventilatory data were not greatly 
different from those found in normal sub 
jects. 

With regard to alveolar and blood-gas 
studies, patients with sarcoidosis performed 
perhaps a little better than the beryllium 
group, but differences were hardly percep 
tible. 
A-a gradients, with not one patient within 


They, too, had markedly clevated 


normal range; they, too, showed very slight 
oxygen unsaturation, and their mild hyper 
ventilation also was retleeted by a moderate 
elevation of the ventilation equivalent for 
oxygen and a moderate reduction of arterial 
Both the mean steady-state the 
mean single-breath Deo were identical for 
both 


terial studies during exercise in sarcoidosis 


groups. Results of alveolar and ar 
could easily be superimposed upon results 
obtained in the beryllium group: uniformly 
severely increased A-a gradients, no further 
reduction of Os saturation compared with 
resting conditions, continued hyperventila 
tion as reflected by Poo, and and 
the steady-state Deo doubled during exer 


Gaensler et al 


cise but only one-half of means obtained in 
normal volunteers working at similar rates. 

The sareoid data are shown to emphasize 
that the physiopathology — in 
beryllium disease is the same as that ob 


respiratory 


served under the general heading of “alve 
olar-capillary block” syndrome and that the 
physiopathology in this disease is indistin 
guishable from a large number of other 
disorders with diffuse pulmonary involve 
ment, some of known and some of unknown 
etiology." 

Climeal and pathophysiologic comparison 
of these 75 patients suggests that “sarcoid- 
osis” may be a nonspecific granulomatous 
response caused by a variety of noxious 
agents, of which one might be beryllium. 
Patients with almost identical physiologic 
and pathologie changes who have agricul 
tural occupations are said to have “farmers’ 
lung,” ** and others who show more cosine 
their lesions said to have 


phils in are 


“eosinophilic granuloma.” Although 
“typical” clinical and pathologic picture is 
described for both sarcoidosis and chronic 
beryllium disease,“* there are so many ex 
ceptions to the rules that often one is left 
in much doubt, 

Respiratory physiologic studies in chronic 
beryllium disease have been found to be 
of great value for objective assessment of 
the degree of pulmonary insufficiency and 
for evaluation of the effeet of therapy. 
These studies were of no help in making a 
specific pathologic diagnosis. 


Summary and Conclusions 


Kespiratory pathophysiology was studied 
in 30 patients with chronic beryllium dis 
ease. Observations included conventional 
ventilatory function studies, lung volumes, 
gaseous distribution, physiologic dead space 
and alveolar ventilation, diffusing capacity 
for carbon 


monoxide 


(Deo) by both the 


single-breath and steady-state methods, and, 


In some, oxygen diffusing capacity (Do, ) 


pulmonary shunt, and exercise studies, 


Present results are compared with find 


ings collected from reports of others about 
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A. 


the 
more recently studied, group was less ill: 


26 patients. whole, the present, 
one-half, within the limitations of the meas- 
urements described, had normal ventilatory 
function, mechanics of breathing, gaseous 
distribution, and lung volumes. The re 
mainder had varying degrees of “restric 


tive” insufficiency, although evidence of 


minor airway obstruction was common. 
Only two had, moderate chronic obstructive 
emphysema. Overt cor pulmonale and poly 
cythemia were not seen. 

All patients had low arterial oxygen ten 
sions and incomplete saturation of arterial 
blood at rest. Because of varying degrees 
of hyperventilation this bore no relationship 
to clinical signs and symptoms or to diffus 
ing capacity. 

The A-a gradient was markedly clevaied 
during room-air and low-oxygen breathing 
at rest and during exercise. !’revious work, 
suggesting “alveolar-capillary block” as the 
basic physiopathology in this disease, was 
confirmed: all but two patients had dimin 
ished Do, and Deo measured during steady 
state conditions at rest and during exercise. 
However, abnormal ventilation-perfusion 
relationship was shown to contribute sig 
nificantly to the elevated gradient ; 
nearly all patients had an increased physio 
logic dead space, and the per cent shunt, 
whenever calculated, was increased. 

modified single-breath Deo proved a 
valuable adjunet for rapid screening. False 
results were obtained when the vol 

which the held 


ly low 
ume at breath) was was 
ignored, 

In all patients who were able to exercise 
there was a rise of the diffusing capacity. 
This rise, for a comparable increment: of 
oxygen uptake, was of the same magnitude 
as that seen in normal subjects. 

Kleven patients were studied before and 
at varying intervals from one to four and 
one-half years during continuous steroid 
therapy. The typical response Was one ot 
moderate improvement of ventilatory fune 
tion during the first year, with return to 
pretreatment values thereafter. There were 


no significant long-term changes of A-a 
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gradient or diffusing capacity with treat- 
ment. At no time was treatment effective 
enough to cause return to normal of oxygen 
saturation, and the A-a gradient never fell 
below 20 mm. Hg. 
showed 


However, no patient 
during the 
period of treatment, although two developed 
minor degrees of obstructive emphysema. 


serious deterioration 


Physiologic data with 


identical studies performed in a group of 


were compared 


45 patients with sarcoidosis. Although var- 
iations from the mean were considerable in 
both groups, and, although the group of 
patients with sarcoidosis on the whole ap- 
peared to be less disabled, the average re- 
sults of both groups were identical in every 
respect, 

In conclusion, physiologic studies proved 
to be a most satisfactory means for objec- 
tive evaluation of the type and degree of 
pulmonary insufficiency and for objective 
assessment of the effect of treatment. These 
studies were not helpful in formulating a 
specific pathologic diagnosis. 

Dr. Harriet L. 
half of the patients in this study 
Medical Clinic at the 
Hospital. Assistance in this study 


Hardy referred more than one- 
from her Oc- 
cupational Massachusetts 
General was 
given by Mrs. Beatrice Forman, and Mrs. Barbara 
R.N., and Misses Victoria M. Bailey, 
Suzanne R. Crane, Dorothy Donnelly, Alyce M. 
Kalayjian, Judith Perry, Sylvia Smith, R.N., and 
Mary Elizabeth Stone 


Harkins, 


Harrison 
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Intoxication 


BENJAMIN G. FERRIS Jr., M.D., Boston 


Ikarlier reports of pulmonary function in 
patients with chronic lung disease due to 
beryllium intoxication have shown that the 
alveolar-arterial oxygen pressure difference 
is markedly increased.'| Normally this pres- 
sure difference should be less than 15 mm. 
Hyg. It is made up of a membrane compo- 
nent and a venous admixture component. 
The membrane component. represents the 
resistance offered by all the structures be- 
tween the alveolar air and the hemoglobin 
in the red blood cells. In beryllium intoxi- 
cation it is thought that the membrane com- 
ponent accounts for the increased difference 
observed between alveolar partial pressure 
of oxygen and that in the arterial blood. 
Treatment with corticotropin (ACTH) has 
been shown to reduce the alveolar-arterial 
oxygen difference to more nearly normal 
levels. This report extends the observations 
previously reported * and demonstrates. the 
advantage of selected pulmonary function 
studies in assessing the efficiency of steroid 
therapy. Such measurements at regular in 
tervals permit an objective evaluation of 
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the patient’s condition. The euphoria 
which may accompany steroid therapy prob- 
ably modifies the patient’s impression of his 
condition and may result in conclusions not 


consistent with reality. 


Methods 


of function 


Various aspects pulmonary 
Those selected and reported here were 
the alveolar-arterial oxygen 


difference, and the mechanical properties of the 


were 
studied. 
the lung volumes, 
lungs. The lung volumes were measured by means 
of spirometry and a helium-dilution technique.’ The 
alveolar-arterial oxygen difference was calculated 
from the alveolar equation after collection and 
analysis of expired air and arterial blood. The 
arterial gas tensions were measured by means of 
a modified Riley bubble technique. The pulmonary 
compliance and resistance were measured by the 
Mead et 


1 ml. of air. 


method of with use of a long balloon 


containing 
Results and Comment 

The results of repeated studies on Patient 

| * are shown in Figure 1, He was exposed 

to fluorescent powder from 1940 to 1943, 

when he worked as a clerk in a fluorescent 


* These patients and data concerning treatment 
were made available through the courtesy of Dr 
H. L. Hardy and the Beryllium Registry 


Fig. 1—Effect of three 
types of long-term treat 
ment on selected pulmo 
nary functions in chronic 
beryllium intoxication, 
Years are represented by 
inspiratory capacity; Exp 
Res. Vol.expiratory re 
serve volume; Resid. Vol 
residual volume; P os 
alveolar-arterial 
oxygen difference; 
pulmonary compliance, 
L/em. HzO; Rri=pulmo 
nary resistance, cm, H.O/ 
LPS; ACTH = adreno 
corticotropic hormone 
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light factory. A chest roentgenogram was 
negative in October, 1946, but showed fine 
1947. 


progression of 


roent 
the 
granularity; cough and exertional dyspnea 
developed in late 1947. The data for 1949 
and 1950 with the first course of cortico 
tropin are from the literature.®* 

Certain facts are apparent from the re 


granularity in July, Later 


genograms showed 


lirst, the 
vital capacity obtained at the Massachusetts 
General Hospital in 1947, shortly after he 


peated studies on this patient. 


had changes observed by roentgenogram, 
By 1949, 
when he had marked symptoms, the vital 


was in the low normal range. 
capacity was considerably reduced. There 
after, with steroid treatment which varied 
in amount as the 


between courses, the lung volume subdi 


well as in intervals 
vision showed no consistent change. See 
ond, the alveolar-arterial oxygen difference 
( 
when the patient was first symptomatic in 
1949. 


decreased, and from 1951 to 1953 it was 


was abnormally increased 


With corticotropin this difference 


nearly normal. At some time after 1953, 
and despite intermittent: prednisone ( Meti 
corten) therapy, the difference increased. 
By late 1957, it was back at its previous 
1958, still 


revealed an abnormally elevated alveolar 


level, and repeat studies, in 
arterial oxygen difference. Third, his’ pul 


His 


lungs were consistently stiffer than 


monary mechanics were abnormal. 


normal as shown by a low compliance 
HyO), and his pulmonary re 
sistance HoO/L/see.) in 
creased, Despite the improvement: in his 
compliance resistance 1958, the 
values were still abnormal for his age and 

Figure 2 presents similar studies in Pa 


) 


tient 2, who was exposed to fluorescent 


“powder” in 1941. His first symptoms of 
cough and dyspnea occurred in 1946. Re 
sults of the first study, in 1950, except for 
a slightly decreased vital capacity, are prob 
ably within normal limits. However, the 


alveolar-arterial oxygen difference was 


markedly abnormal in 1951, and this in 


Ferris 


Fig. 2—LEffect of three types of long-term treat 
ment on selected pulmonary function chronic 
beryllium intoxication, 1950 to 1957, (For explana 
tion of abbreviations see Fig. 1.) 


creased difference — resulted despite one 


course of corticotropin in April, 1951. Lung 
volume compartments did) not) show any 
significant change in 1951, A second course 
of corticotropin in’ November, 1951, fol 
lowed by cortisone caused the alveolar 
arterial oxygen difference to return to nor 
mal limits. Just as with Patient 1, the 
alveolar-arterial oxygen difference showed 
a gradual increase and eventual return to its 
high level. This happened in spite of con 
tinued treatment with 


cortisone, up ta 


/) mg, 


per day and later prednisone, up to 


20) mg. per day. Lung volumes throughout 


have not shown much change, and pulmo 


nary mechanics (Cy and Ry) have been 


nearly normal, 


Similar results in two other patients are 
presented in Figures 3 and 4. Patient 3 was 
exposed to beryllium in the process of ma 
chining beryllium copper alloys for four 
1947, 


diagnosed as acute beryllium pneumonitis 


months i He developed what was 


as a result of his exposure at that time. 
His initial study, in 1949, was within nor 
mal limits. Repeated studies, however, 
showed a progressive rise in his alveolat 


irtertal oxygen difference, a fall in his vital 
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Fig, 3.—Effect of corticotropin and intermittent 
cortisone therapy on selected pulmonary functions 
in chronic beryllium intoxication, 1949 to 1953 
(For explanation of abbreviations see Fig. 1.) 


capacity, and imerease in residual 


volume. One course — of corticotropin 
differ 


ence to return to within normal limits, but 


caused his alveolar-arterial oxygen 
there was litthe change in his lung volume. 
too, has shown a tendency for his 
alveolar-arterial oxygen difference to return 
to an abnormally high level. Tis pulmonary 
mechanics revealed a normal comphance and 
slightly increased resistance in 1951, and a 
reduced) compliance and normal resistance 
in 1953. Patient 4 was exposed to berylhum 
while working in the experimental stages 
1945 for 36 
She developed symptoms 1951, 


of ceramics processing in 
weeks. 
and at that time her pulmonary function 
studies showed reduced vital capacity, 
increased residual volume, and a large alve 
olar-arterial oxygen difference. She made 
a good response to corticotropin and corti 
that the 
returned to 


sone, in alveolar-arterial oxygen 


difference normal. lung 
volume changes were probably not) signifi 
cant. As 


terial 


her alveolar-ar 
1953 


increased, and she appeared to be losing 


with Patient 3, 


oxygen difference was 
the beneficial effect of her therapy. 

A number of possibilities might) explain 
such 


these observations. all measure 
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Fig. 4—Effect of corticotropin and varying 
wnounts of cortisone on selected pulmonary func 
tions in chronic beryllium intoxication, to 
1953. (For explanation of abbreviations see Fig. 1.) 


ments there are sources of and a 


fortuitous combination might have produced 


cCrrors, 


these changes. This does not seem to be the 
explanation, since these results were ob 
tained in all four patients who have been 
studied repeatedly and over a sufficient pe 
riod of time to detect long-term changes in 
the disease. From these data this interval 
appears to be at least two to three years. 

There is’ the possibility that the treat 
ment has been inadequate. It appears that 
treatment with corticotropin was more ef 
fective than the intermittent treatment with 
prednisone. is not 


possible to state 
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Whether cortisone was more effective than 


yrednisone in Patient 1. The other patients 


in Whom cortisone was used have shown a 


similar return toward their pretreatment 


state. This seems to indicate that both cor 
tisone and prednisone, in the doses used, 
may not be as effective as corticotropin. 
Another possible explanation is that treat 
ment has been “adequate” but that despite 
“adequate” therapy the disease continued 
to progress. To determine which of these 
last two possibilities is correct will require 
further evaluation after a period of more 
intensive treatment. 


Conclusions 


Objective should) be collected to 
assess the effect of steroid treatment on the 
pulmonary disease due to beryllium. 

The method of choice appears to be the 
alveolar-arterial oxygen pressure difference. 

Long-term studies on four patients with 
chrome beryllium intoxication indicate that 
either the steroid treatment has been inade 
the 
further 
studies will be required to resolve which 


quate or despite “adequate” treatment 


disease has continued to progress ; 


of these is the correct explanation. 
Harvard School of 
St. (15) 


Public Health, 55 Shattuck 
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The Diagnosis of Beryllium Disease, with Special 


Reference to the Patch Test 


GEORGE H. CURTIS, M.D., Cleveland 


Since 1947, an effort has been made to 
evaluate the patch test with soluble beryllium 
compounds as a diagnostic procedure in 
Sterner 
and Eisenbud? in 1951 proposed that most 


various syndromes of  berylliosis. 


of the syndromes of berylliosis were the 
result of allergic sensitization to beryllium. 
The dermatitis has been proved by the patch 
test * to be of the allergic eczematous type. 
In chronic granuloma of the skin and acute 
pneumonitis the patch test has indicated 
eezematous hypersensitivity in two of three 
cases of each disease. In one case of acute 
bronchitis the test was negative during the 
acute course, signifying that eczematous 
hypersensitivity had not developed at the 
time.’ In 32 cases of chronic pulmonary 
berylliosis the patch test has been 100% 
positive. In the syndromes of the mucous 
membranes and dermis, negative patch tests 
of the epidermis may be expected, since it 
Accepted for publication Oct. 30, 1958 
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TABLE 1 


Definite 
No Hlistory of 
Exposure 


Pulmonary 
Symptoms 


Pulmonary 


Cases Function ¢ 


X-Ray of 
Lungs 


is well known that the entoderm, mesoderm, 
and ectoderm may become independently 


sensitive to the same allergen. 

Other sarcoidosis, 
chronic fibrosing interstitial pneumonitis, 
bronchiectasis, 


diseases, such as 


carcinoma of 
the lungs, and lipoidosis, have served as 


tuberculosis, 


controls for the patch test in diagnosis. In 
several cases in which there was a history 
of exposure to beryllium compounds, some 
difficulty was encountered in the interpreta- 
tion of the positive patch test as pa- 
for berylliosis. A positive 
patch test with appropriate concentrations of 
beryllium undoubtedly indicates 
eczematous hypersensitivity, but perhaps the 


thognomonic 
salts 


test may not serve as an absolute diagnostic 
sign for chronic pulmonary berylliosis. 

Tables 1, 2, and 3 show the relative value 
of the various procedures. 


Respiratory Syndromes of Berylliosis 


Of the 32 patients who chronic 


pulmonary berylliosis, 5 had no lung symp- 


Diagnostic Analysis of Respiratory Syndromes of Berylliosis * 


Beryllium 
Patch Test 


Biopsy of 
Lung 


Beryllium 
in Lungs 


Kveim 
Test 


Chronic Berylliosis 


3=? 3=? 


Q 1 10= Neg. 


Acute Pneumonitis with Recovery 


3= | 3= 


=() 


Acute Pneumonitis and Dermatitis Evolved to Chronie Berylliosis 


+ 


+ + 


Beryllium Bronchitis with Recovery 


* Symbols: ?=not diagnostic; | =decreased; +=positive: 0=negative; —=test not done. 

+ Twelve patients exposed to beryllium phosphor, 10 patients to dusts and fumes (beryllium oxide, fluoride, ammonium fluoride, 
sulfate, ete.), 5 patients to beryllium in ceramics, and 1 patient to powdered beryllium metal 

t Either the vital capacity estimation or the full procedure for the determination of the alveolocapillary block was employed 

§ Includes four cases of acute pneumonitis and one case of acute bronchitis that had evolved to chronic beryl'iosis 
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TABLE 2. 


Definite 


PATCH TES1 


The Patch Test in Diseases Other Than Berylliosis * 


History 
No. of Pulmonary Pulmonary X-Ray of Beryllium Biopsy of Beryllium Kveim 
Cases Exposure Symptoms Function Lungs Patch Test Lung in Lungs Test Diagnosis 


5 0 2=+ 


2 2=V.C. | Nodul. infil. 
l + + A-C.B Normal 
1 + + AC. B Sarcoid 
Hi-R? 
1 + + V.C.) Nodul. infil. 
1 ? + Carcinoma 
nodul. infil. 
1 0 + A-C. B Bronchiectasis 
1 + + Bronchiectasis 
1 + T. 
1 0 0 - Granulomatosis 


granulomatosis; T. B.=tubereulosis. 


toms; the abnormality of the lungs was ob 


served on chest x-ray (Table 1). In three 


cases the pulmonary function tests were 


normal or could not be 


alveolocapillary block. 


interpreted as 
In three cases both 
the radiologist and the clinician were in 
definite about the interpretation of the x-ray 
findings. In one of seven cases the patholo 
gist could) not distinguish) sarcoid from 
berylliosis. In two cases, although all other 
findings indicated berylliosis, the analysis 
for beryllium gave negative results. In each 
of the 32 cases there was a definite history 
of to the 


beryllium compounds, beryllium phosphor, 


exposure dusts and fumes of 
or beryllium oxide in ceramics, and in one 
case the patient had inhaled the powdered 
metal. In all cases the patch test was post 
tive. Of the several diagnostic procedures, 
the history, the histopathologic findings, and 


the patch test appear to be the most valuable. 


Diseases Other Than Berylliosis 


Data accumulated on seven patients with 
pulmonary sarcoidosis are shown in Table 
2. In the case of the patient with exposure 
to beryllium copper alloy, medical testimony 
in a legal proceeding brought out the fact 
that exposure the 
amount of beryllium (1.64) in the alloy 


under the conditions of 


Curtis 


* Symbols: 0=absent or negative; +=present or positive; ?=questionable; | 
A-C, B.=alveolocapillary block; Nodul. infil.=nodular infiltration; H-R 


- l=+ Sarcoidosis 
Granulomatous Neg. Sarcoidosis 
type? 
Sarcoid, also Neg Sarcoldosis 
lymph node 
Lipoidosis Neg Pulmonary 
Be=0 lipoidosis 
Carcinoma Carcinoma and 
Be=0 fibrosis 
Neg. Bronchiectasis 
Neg. Bronchiectasis 


Chronic pulmonary 
fibrosis and 
emphysema 

Pneumoconiosis 


decreased; 
Hamman Rich syndrome; Be=0 


Vital capacity; test not done 


absence of beryllium 


Was insufficient to account 


for the amount 
of beryllium (0.9ng. per 100 gm. of tissue) 
found in the lungs. The diagnosis of sarcoid 
was based on the histopathologic study, x 
ray films, negative patch tests, and the rapid 
improvement to normal evidenced by serial 
roentgenograms and the clinical course. In 
the second case of exposure to beryllium, 
the evidence, including a biopsy of a lymph 
node, was overwhelmingly in favor of sar 
This negative 
Kveim test which, as is well known, may o1 


coidosis. Was despite the 
may not be positive in sarcoidosis, depend 
ing on the activity or nonactivity of both 
the allergen and the disease, respectively. 
In the data on the cases of lipoidosis, 
carcinoma, one case of bronchiectasis, and 
chronic pulmonary fibrosis with emphysema, 
the only evidence for berylliosis was the 


history of exposure, 


Chronic Fibrosing Interstitial 
Pneumonitis (Hamman-Rich 
Syndrome) Versus 
Berylliosis 
Of the eight cases of Hamman-Rich syn 
listed Table 3, the 


three were of special Interest 


drome in findings im 
In One Case 
there was a history of exposure to beryllium 


dusts and fumes ina plant, and some years 


151 
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0 
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Tasie 3.—//amman-Rich Syndrome Versus Chronic Berylliosis * 


No History of 
Cases Exposure 


Pulmonary 
Symptoms 


Pulmonary 
Function 


X-Rays 
Chest 


Beryllium 
Patch Test 


Kveim 
Test 


Beryllium 
Biopsy of Lung in Lungs 


0 + 1=V.C. | Nodul. infil. F. I. P. with 


granulomatosis 


Neg. 


0 1=A-C. B, 
V.C.= | 


Nodul., infil. 
Pneumonitis 


2= Neg. 


V.C.= | 
A-C. B. 


Nodul. infil. 
Nodul. infil. 


P. 


* 0=absent or negative; +=present or positive; | =decreased; 


granulomatosis 


=test not done; ?=questionable; V. C.=vital capacity; F. I. P.= 


fibrosing interstitial pneumonitis; A-C, B.=alveolocapillary block; Sp. Fl.=spontaneous flare; Nodul. infil.=nodular infiltration. 


later pulmonary symptoms began to appear 
during pregnancy. It was believed that the 
clinical findings, x-rays of the chest, and 
negative patch tests were such as to eliminate 
berylliosis. Three years later the patch tests 
again were negative, at which time the diag- 
nosis of Hamman-Rich syndrome was made. 
In another patient a spontaneous flare of the 
eczematous reaction appeared 14 days after 
application of the patch tests. This is in 
accordance with spontaneous flares that oc- 
curred among the control persons in a study 
of the dermatitis which [ reported in 19517 
The spontaneous flare indicates eczematous 
hypersensitivity induced by the patch test. 
The third case was the most difficult to 
Al- 


though the history of exposure was definite 


interpret in regard to the patch test. 


and the patch tests were positive, the x-rays 
of the chest were not typical of berylliosis. 
The granulomatous lesions in the lungs were 
considered to be those seen in) Hamman 
Rich syndrome and, coupled with the ab 
sence of beryllium in the lungs, would 
conclusively eliminate berylliosis despite the 
positive patch tests. 

It is well to recall at this point that post- 
tive results from an adequately controlled 
patch test for hypersensitivity of the epi 
dermis or mucous membrane are significant 
of only one thing, and that is eczematous 
hypersensitivity. A positive test is not in 
itself pathognomonic of a pathologic process 
other than that in the skin or mucous mem- 
brane. On the other hand, the positive patch 
test has been elicited with great consistency 
in chronic berylliosis. This phenomenon is 
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readily explained, since the origin and trans- 
port of antibodies in allergic eczematous 
reactions is now. well 


known. There is 


great similarity this respect between 
berylliosis and tuberculosis. 

made between 
the amount of beryllium in pulmonary tis- 


sue, the patch test reactions, or the develop- 


No correlation could be 


ment of granuloma. In chronic berylliosis 
the amount ranged from zero to 19.64g. per 
100 gm. of tissue. In three cases of  sar- 
coidosis and in one case of Hamman-Rich 
syndrome, the amount of beryllium varied 
from Ong. to 5.5ug. In these four cases 
beryllium granulomatosis was absent, and in 
two the patch tests were negative. Thus it 
appears that the development of beryllium 
granulomatosis in the lungs may depend 
primarily on the degree of allergic hyper- 
sensitivity, although there must be a minimal 
quantitative relationship between allergen or 
antigen and antibody in order to elicit a 
reaction. 


Summary and Conclusion 

A survey of 37 cases of the respiratory 
syndromes of berylliosis, including 32 cases 
of chronic berylliosis, 8 cases of chronic 
fibrosing interstitial pneumonitis, 7 cases of 
sarcoidosis, and 4 cases of miscellaneous 
pulmonary diseases, was made with special 
reference to an evaluation of the patch test 
with soluble beryllium compounds as a diag- 
nostic procedure. The patch test was com- 
pared with (1) history of exposure, (2) 
pulmonary symptoms, (3) pulmonary fune- 
tion tests, (4) chest roentgenograms, (5) 
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biopsy of — the (6) 
measurement of beryllium in the pulmonary 


tissue, and (7) the Kveim test. 


lung, quantitative 


The patch test could not stand alone as an 
absolute pathognomonic sign for 
presence of beryllium granulomatosis in the 
lungs, although a positive test was obtained 
in all 32 cases of chronic berylliosis. The 
most reliable of the several diagnostic pro 
cedures were (1) history of exposure, (2) 
chest x-rays, (3) patch test, and (4) biopsy 
of the lung. Given the history of exposure, 
typical chest roentgenograms, and positive 
patch test, it was decided that biopsy of the 
lung was unnecessary in 25 cases. 

In four cases of pulmonary disease other 
than berylliosis but with a history of ex 


posure, the diagnosis was based on pro 


cedures other than the patch tests, which did 


( wrlis 


PATCH TEST 


not permit an accurate interpretation of the 
pulmonary lesions. 

In differential diagnosis of pulmonary 
diseases having similar clinical manifesta- 
tions, negative patch test and a history of 
nonexposure are dependable criteria for rul 
ing out the presence of berylliosis. 
The Cleveland 


Department of Dermatology, 


Cline Foundation 


REFERENCES 


Sterner, J. H., and Eisenbud, M 
Beryllium Intoxication, A. M.A. Arch 
Indust. Hyg. 4:123-151 (Aug.) 1951 

2. Curtis, G. H 


ology ot 


Cutaneous Hypersensitivity 
Due to Beryllium: A Study of 13 Cases, A. M.A 
Arch. Dermat. & Syph. 64:470-482 (Oct.) 1951 

3. DeNardi, M.; Van Ordstrand, S.; 
H., and Zielinski, Bervlliosis: Sum 
mary and Survey of All Clinical Types Observed 
ina 12-Year Period, A. M.A. Arch 
&:1-24 Cluly) 1953 


Curtis, G 


Indust. Hyg 


- 

71/153 


The Diagnosis of Beryllium 


Reference to the Patch Test 
Discussion of Paper by Dr. Curtis 


BYRON H. WAKSMAN, M.D., Boston 


This discussion will be contined to experi- 
mental evidence dealing with the nature of 
the hypersensitive state the presence of 
which is demonstrated by eezematous reac- 
tion to a patch test. 

It can be stated without reservation that 
the hypersensitive state demonstrated by 
patch test is a generalized state affecting all 
tissues. This assertion is supported by the 
following experimental findings: (a) Such 
sensitivity is induced, after application of 
an allergen to the epidermis, not by im 
munologic events in the skin itself but 
rather in lymph nodes draining the site of 
application. Landsteiner demonstrated al 
most 20 years ago that sensitization was 
effectively prevented by cutting the draining 
lymphatics but not by any other method of 
isolating the application site. ezema- 
tous hypersensitivity may be induced by 
intraperitoneal injection of allergen conju 
gated with cellular material together with 
the Freund adjuvant, i. e., by a type of im 
munization which completely by-passes the 
skin (Landsteiner, Chase). (c) This type 
of hypersensitivity may be passively trans 
ferred from. sensitive to normal animals 
by transfer of living mononuclear cells, or 
even transfer of pure lymphocytes (Chase, 
Wesslén). (d)  ezematous hypersensi- 
tivity may be completely suppressed by arti 
ficial reduction of the number of circulating 
lymphocytes below a certain level, whether 
by the use of x-ray or of specific anti 
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Disease, with Special 


lymphocyte antisera prepared in other 
species (Waksman, unpublished data). (e) 
The same animal which responds with an 
eczematous reaction to patch test gives a 
typical reaction of the tuberculin type to 
allergen injected into the dermis, i, ©., into 
mesodermal tissue. 

The delayed type of hypersensitivity 
demonstrated by patch test is independent 
of humoral antibody. \t is now believed that 
the contact reaction is essentially a response 
of circulating mononuclear cells, lympho 
cytes and/or monocytes, fo complete anti 
gen. It should be noted in’ passing that 
antigen, in general, is a complex of the 
allergen with epidermal constituents. Points 
in evidence are as follows: (a) As already 
mentioned, sensitivity can be transferred 
with living lymphoid cells and can be sup 
pressed by suppressing these cells in the cir 
culation, (b) Painstaking histologic analysis 
of the eczematous reaction shows that the 
earliest lesion is actually the perivenous ac 
cumulation of lymphocytes and histiocytes 
in the dermis. The invasion of the epidermis 
by these and the destruction of epidermal 
cells appear to be secondary events. (¢) 
There is a close analogy between reactions 
(the tuberculin reaction, experimental auto 
allergies, homograft rejection, delayed sen 
sitivity with pure proteins) which 
experimental evidence points to the funda 
mental role of mononuclear cells and. the 
absence of circulating antibody. 

The occurrence of a lesion attributable 
to the hypersensitive state requires the fol 
lowing elements: (a) Hypersensitivity must 
be present and must be sufficiently intense. 
(bh) Complete antigen must be present and 


A 
4 
2) 
we 
‘exe 
re 


its effective concentration must be above 


some threshold level. (c) It is not widely 
recognized that lesions occur only when the 
local vascular tree is endowed with certain 
as yet imperfectly understood properties. 
Thus, a contact reaction is readily elicited 
in the guinea pig but may be impossible to 
elicit in the rabbit, though the latter species 
readily develops delayed hypersensitivity. 
Similarly, it is impossible to elicit a tuber 
culin skin reaction in the rat, though this 
animal may be quite sensitive to tuberculin 

The type of lesion which results from the 
reaction of the sensitized animal to a given 
antigen in turn depends on several factors 
which have not received much attention from 
experimentalists. (a) The effective concen 
tration of antigen and (>) its persistence in 
the tissues are of probable importance. I¢x- 
reactions, high 


perimentally, in delayed 


concentrations of antigen, e. g., tuberculin, 
may result in conspicuous necrosis super 
imposed on the characteristic inflammatory 
response. It can be shown that the lesion, 
which early consists of pure lymphocytes or 
of lymphocytes and histocytes, may at a later 
stage contain large numbers of — typical 
macrophages or of epithelioid cells and giant 
cells with a scattering of plasma cells and 
may, indeed, end as a granuloma with or 
without extensive scarring. 

How do these considerations apply to the 
problem of beryllium disease ? 

To begin with, | cannot agree with Dr. 
Curtis that there may be independent sensi 
tization of ectoderm, mesoderm, or ento 
derm, or indeed that a positive contact 
reaction to soluble beryllium salts merely 
demonstrates eczematous hypersensitivity to 
On the the 
reactions he has demonstrated appear to me 


these substances. contrary, 
to prove the existence of systemic hypersen 
sitivity to beryllium ion in all the types of 
beryllium disease with the exception, first, 
of cases showing disease due to a primary 
irritant effect of beryllium salts and, second, 
of a very few cases showing negative skin 
reactions during the course of active dis 


ease. To explain this (infrequent) failure 


Haksman 


DIAGNOSIS OF BERYLLIUM DISEASE—PATCH TEST 


of skin tests in persons who are presumably 
sensitive, it is necessary only to point to 
cutaneous “anergy” to tuberculin found in 
patients during rapid progression of active 
tuberculosis, in terminal phases of the dis- 
ease, in cachectic states in general, and with 
certain specific intercurrent illnesses of 
which measles is the best known. At the 
same time one must leave open the possi 
bility that a few patients have unsuitable 
skin vessels (this could be readily controlled 
by control patch tests with more powerful 
allergens, such as that of poison ivy) or 
that the antigen resulting from complexing 
of beryllium ion with lung cells may, in 
a few patients, differ in specificity from 
that produced by complexing of beryllium 
with epidermis. 

The dependence of the character of a 
the and 
persistence of antigen seems well demon 


lesion on effective concentration 
strated in the rough correlation between the 
type of beryllium compound involved in a 
given case and the type of disease produced. 
The soluble beryllium salts, presumably, are 
active in complexing with body constituents 
and therefore must produce relatively high 
local antigen concentrations. They do not, 
however, persist in the tissues in a chemically 
reactive form. 
the 


It is these which produce 
the 
dermis, acute tracheobronchitis, beryllium 


eczematous lesion affecting epi 


uleer, and acute pneumonitis —all acute dis 


eases in which actual necrosis may occur, 


as in beryllium ulcer, and in which histo 
logic study reveals a rather nondescript 
mononuclear inflammation. Beryllium oxide 
and beryllium phosphor, however, which are 
less soluble and less reactive and probably 
persist unaltered, for very long periods, in 
the tissues, produce the characteristic beryl 
lium granuloma and chronic pulmonary 
berylliosis, im which the inflammatory 
lesions have evolved to the formation of 
cells 


necrosis is conspicuously absent. 


epithelioid and giant and im which 
An important question in this connection 
concerns the unusual length of the latent 


period between exposure and onset in many 
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cases of berylliosis and the fact that, in 
other patients, beryllium may be present in 
considerable concentration and for long 
periods in the tissues without causing dis 
In the absence of data on the 


CHSC. presence 


or absence of sensitivity in these patients, 
it is impossible to discuss this question 
adequately. It is fair to point out, however, 
that respiratory exposure may be a poor 
method of inducing delayed sensitivity, and, 
more important, that the insoluble beryllium 
compounds, while capable of eliciting torpid 
reactions in the sensitized person, may them 
selves be quite incapable of inducing sensi 
This the 


implication that skin testing with soluble 


tization, possibility carries 
beryllium salts, a procedure of demonstrated 
efficacy in causing sensitization, as well 
Dr, 


Curtis, may be dangerous ina patient whose 


shown ina control series tested by 


tissues contain beryllium, if he does not yet 


have disease or is ma state of clinical re 


M 
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In conclusion should be pointed out 
that the problems which confront us here 
are in no way peculiar to beryllium, Mer 
cury, nickel, cobalt 


known for their ability to produce contact 


and have long been 


sensitization and dermatitis. There are re 
cent reports of granulomatous disease due 
to contact with zirconium, Not only ts the 
zirconium lesion histologically similar to the 
beryllium granuloma, but it has also been 
demonstrated that the allergen) persists in 
the tissues at the site of lesion formation, 
that all patients with lesions have exquistie 
sensitivity to skin tests with zirconium salts 
the 
granulomas) and that human subjecis may, 


(intradermal — tests, reactions — being 
with some difheulty, be sensitized zir 
conium by: suitable injections of allergen. 
These observations strengthen the sugges 
tion that the lesions of beryllium disease 
may be hypersensitive reactions and that 
they deserve further study from this point 
of view, 


Massachusetts General Hospital 


. 
wing 


Diagnosis of Beryllium Disease 


HOWARD 5S. Van ORDSTRAND, M.D., Cleveland 


Twelve to fifteen years ago it appeared 
that the diagnosis of the various forms of 
beryllium poisoning was not a difficult prob- 
lem, ‘Today it is not so certain, At that 
time it seemed that the acute and the chronic 
pulmonary forms were represented by typi 
cal syndromes, and that the laboratory, phys 
iologic, and roentgen findings, along with the 
history of exposure to beryllium, made the 
diagnosis simple to establish. 

Although of dissimilar appearance histo 
pathologically and roentgenographically, both 
pulmonary forms have some similar symp 
toms: a relatively unproductive cough, pro 
gressive dyspnea, anorexia, loss of 
weight, Symptomatically, the chief differ 
ence between the two forms is in the sud 
and in the rate. of 


denness of onset 


progression. In the acute pulmonary form 
the symptoms may appear within weeks after 
the imitial exposure of the patient to bery! 
lium, and the changes in’ the roentgeno 
grams may become noticeable within’ from 
one to three weeks after the onset of symp 
toms. One patient with acute beryllium 
pneumonitis lost 60 Tb. within only a few 
weeks, 

In both the acute and the chronic forms 
of beryllium pulmonary disease, all clinical, 
laboratory, or histologic signs of viral or 
bacterial agents have been conspicuously ab 
sent. experience with berylliosis in north 
eastern Ohio reveals that the longest course 
of the acute lung disease from onset to 
recovery Was 120 days. The disease usually 
recurs upon the patient’s reexposure to 
beryiliun, 
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The typical pattern on chest roentgeno 
grams in the acute pneumonitis has been a 
bilaterally symmetrical, patchy, fluffy infil 
tration which is entirely compatible with 
pulmonary edema and which later may be 
supplanted by a coarse nodular appearance 
The 


amazingly long period of latency in_ the 


before final clearance on recovery, 
course of the chrome disease 1s well known, 
as ts the basically characteristically fine, dif 
fuse nodulation seen on roentgenograms, 
which Dr. George W. Chamberlin already 
has discussed, arly experience with beryl 
liosts placed great emphasis on the finding of 
beryllium in the patient's urime or tissues 
not only for diagnosis but for confirmation 
of EXPOSUTe, 

Today there 1s less confidence in hemy 
able to make the diagnosis of berylliosis 
easily or to exclude it in every imstanee 
It is apparent that there can be variation in 
the severity of symptoms and in the objec 
tive findings in patients with true beryllium 
polsoning, and that other medical entities can 
minne the symptoms, the roentgenographic 
pattern, the physiologic impairment, and the 
histologic changes. Also, as in other occupa 
tional diseases, there has been mereased ay) 
preciation of the fact that the finding of 
beryllium in the urine or im the tissues im 
exposed persons does not per se justify a 
further 
question, Zielinski and DeNardi followed 


diagnosis of  berylliosis without 


for as long as 10 years after last exposure 
a sizable number of healthy former ber 
hum workers, and they observed over a 
prolonged time the output of beryllium im 
the urine, DeNardi studied tissues obtained 
at necropsy of two former beryllium work 
ers who died of causes other than beryl 
lium poisoning years after their last 
exposure, and there was just as much bery! 


hum in the normal pulmonary tissues as in 
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pulmonary tissues of other late beryllium 
workers who had berylliosis, 

It is now known that patients having the 
chronic disease may be asymptomatic or 
relatively so, although they are in the mi- 
nority. Moreover, we now appreciate the 
fact that the symptoms of chronic beryllium 
disease especially may be mimicked by those 
of other pulmonary diseases, notably the 
fibrosing interstitial pneumonitis of the 
Hamman-Rich syndrome, and occasionally 
sarcoidosis. Physical signs, — including 
clubbed fingers, are nonspecific for beryl- 
liosis. leven the laboratory findings, includ- 
ing relative hyperglobulinemia, are known 
to occur in other clinical entities; although 
some extent of alveolocapillary blocking is 
the rule, it is not limited to chronic beryl- 
liosis, 

It does appear that the basic and earliest 
roentgen pattern characteristic of chronic 
berylliosis is rarely produced by other con- 
ditions, except. by sarcoidosis. However, 
the advanced stages of chronic berylliosis 
do cause changes that make the differential 
diagnosis by roentgen methods much more 
difficult, 

The more liberal application of the sur 
gical lung biopsy has been a major help in 
instances in which differential diagnosis is 
most difficult. (The first surgical lung bi 
opsy performed at the Cleveland Clinie Hos- 
pital, in 1950, established a diagnosis of 
chronic berylliosis.) Unfortunately, some 
times either the biopsy is unobtainable or 
the experienced pathologist: frankly states 
that he is unable to differentiate the chronic 
granulomatous pneumonitis from sarcoido 
Needless to say, it 
would hardly become an internist, specializ 


sis or other disease. 


ing in chest diseases, to dispute the con 


clusion of the pathologist who had 
adequate experience with berylliosis. 
Because of the difficulty in making some 
differential diagnoses, The Cleveland Clinic 
has employed both the Kveim test for sar 
A 


Kveim test has been used in 296 cases, and 


coidosis and the beryllium patch test. 


results have been found to compare favora- 
bly in respect to accuracy with the results of 
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Nelson at Columbia University and James 
at the University of London, The correct 
interpretation of the test appears to be based 
on microscopic examination of tissue from 
the site of the injection, the use of an active 
antigen, and the performance of the test 
when the sarcoidosis is in an active phase. 
In interpreting the test it is essential to keep 
in mind that the result may be negative if 
the test is done during a remission of the 
disease. 

A colleague at the clinic, Dr. George Cur- 
tis, will present his findings with the beryl- 
lium patch test during the past 10 years. 
The test has been studied as objectively as 
possible on healthy beryllium workers, on 
normal persons as controls, on patients with 
diffuse lung disease of other causes, on un- 
equivocably diagnosed patients with beryl 
liosis, and especially on patients presenting 
difficult problems in the differential diagno 
sis of berylhiosis. Results indicate that the 
patch test is a most helpful diagnostic tool. 
It is even true that a few suspected cases of 
berylhiosis were found when the patch test 
was used for screening purposes on patients 
with diffuse pulmonary disease. These pa- 
tients were unaware of exposure or had for- 
gotten it. There has been no false-negative 
result, and therefore it seems fair to con- 
clude that the interpretation of the beryl- 
lium patch test is of essentially the same 
significance and is of the same importance 
as that of the tuberculin test, that is to say, 
that the burden of proof of a positive diag 
nosis rests on the clinician who renders a 
when a 
tuberculin test is negative. A positive beryl 


diagnosis of active tuberculosis 
lium patch test must be a clinical interpreta 
tion, since it may only mean in the given 
case cutaneous hypersensitivity which, for 
example, can be caused by 
granuloma of the skin. 


beryllium 


Summary 


The common as well as the uncommon 
clinical syndromes of beryllium disease are 
not always easy to diagnose, because some- 
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times one or more of the usual manifesta- 


tions may be mimicked by those of other 
diseases. In all cases, whether acute or 
chronic, all diagnostic evidence should be 


considered carefully. A biopsy with his 


Orstrand 


tologic and chemical assay study should be 
carried out when doubt exists, as should also 


the beryllium patch test, which has proved 


to be a most helpful diagnostic tool. 


2020 FE. 93d St. 
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The Differentiation of Sarcoidosis and Beryllium Disease 


HAROLD L. ISRAEL, M.D., and MAURICE SONES, M.D., Philadelphia 


Chronic beryllium disease and sarcoidosis 
are remarkably alike in pathological appear- 
ance and in clinical manifestations as well 
as in their response to corticosteroid treat- 
ment. Our clinical experience, however, al- 
though the 
disease, is extensive in the case of sarcoid- 
that the difficulty of 
differentiating the two has been exaggerated. 


limited in case of beryllium 


osis and 


suggests 


Hardy ' has discussed the problems in di- 
agnosis, emphasizing that both diseases may 
be discovered by survey roentgenograms but 
are often manifested by symptoms of fa 
tigue, weakness, anorexia, weight loss, dysp 
nea, chest pain or cough; also observed in 
both illnesses are a variety of cutaneous 
lesions, emphysema, clubbed fingers, cor 
pulmonale, hepatic and splenic enlargement, 
altered serum proteins, and abnormal cal 
cium metabolism, The differences enumer 
ated by Hardy are fewer: Ocular, lacrimal, 
and parotid involvement, massive enlarge 
ment of mediastinal and peripheral lymph 
nodes, and roentgenographic changes in 
bones of hands and feet are absent in beryl- 
lium disease. Rare in beryllium disease is 
complete roentgenographic clearing of pul 
monary lesions. 

Neurologic and muscular involvement, not 


uncommon in sarcoidosis, has not to our 
knowledge been reported in beryllium dis 
case, 

It appeared useful to ascertain the fre 


quency in patients with sarcoidosis of mani 


festations which would permit — clinical 
\ccepted for publication Oct. 30, 1958 
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For this 
purpose a review has been made of the rec- 


differentiation of the two diseases, 


ords and roentgenograms of 209 patients 
with sarcoidosis who have been under our 
care. The diagnosis in each of these cases 
has been supported by one or more biopsies 
demonstrating epithelioid tubercles, by bac 
teriologic and mycologic studies to rule out 
tuberculosis and fungal disease, and by ex 
clusion of patients possibly exposed to beryl- 


Results 
The 


guished the two diseases was mediastinal 


feature which most often distin 
adenopathy. Massive adenopathy is not ob 
served in beryllium disease but is a frequent 
finding in sarcoidosis, especially in the early 
phases of the disease, The initial roentgeno 
gram of 70 of the 209° patients showed 
lymph node enlargement without parenchy 
mal lesions. In these 70 patients and in 12 
patients whose chest roentgenograms were 
normal, beryllium disease could be excluded, 
since parenchymal changes have been ob 
served in all cases of beryllium disease. 

Both adenopathy infiltration were 
present in the initial roentgenogram of 67 
patients. The lymph node enlargement has 
been classified as marked or massive in 50 
of these cases; this degree of node involve 
ment, it seems, suffices to exclude beryllium 
disease, In the 17 patients whose adenopathy 
was slight or moderate, beryllium disease 
cannot be excluded ; mediastinal densities of 
this magnitude are frequently observed in 
patients with beryllium disease either as the 
result of slight lymph node enlargement or 
as the result of pulmonary artery dilatation 
simulating glandular enlargement. 

In an additional 10° patients roentgeno- 
grams disclosed characteristic changes in the 
bones of hands or feet. 


. 
‘ 


Roentgenographic examination thus 
served to exclude the possibility of beryl- 
lium disease in 142, or 68.0%, of our pa- 
tients with sarcoidosis. In the remaining 
cases, an attempt was made to exclude beryl- 
lium disease by the presence of the various 
clinical syndromes (ocular, parotid, neu- 
rologic, — myocardial, 
splenic, and 


muscular, 
cutaneous ) 


hepatic, 
which occur in 
sarcoidosis and not beryllium disease. 
Curiously, this was possible in_ relatively 


few cases (Table). Patients with these 
Analysis of Roentgenographic and Clinical 
Findings on Initial Examination of 209 
Patients with Sarcoidosis 

Roentgenographie or No Per- 

clinical finding Patients centage 

Normal chest roentgenogram 12 7 

Mediastinal adenopathy without pulmo- 70 33.5 


nary lesions 
Pulmonary lesions with marked mediastinal 50 4.0 
adenopathy 


Abnormal roentgenogram of hands or feet 10 1.8 
Total cases in which beryllium disease was 142 68.0 
excluded by roentgenographic exami- 
nation 
Ocular lesions 4 2.0 
Parotid and lacrimal glands 2 1.0 
Nervous system 1 0.5 
Skeletal musculature 1 0.5 
Hepatic or splenic enlargement 11 5.38 
Cutaneous sarcoids 7 34 
Potal additional cases in which beryllium 26 12.4 
disease was excluded by clinical findings 
Total cases in which beryllium disease could 41 19.6 


not be excluded) by initial 


graphic or clinical study 


roentgeno- 


characteristic clinical manifestations are gen 
erally the same ones who show character 
istic roentgenologic changes. 

Combined clinical and roentgenologie ex 
amination permitted exclusion of beryllium 
disease in approximately 80C— of these pa 
tients at the initial examination, 
Subsequent observation made it possible to 
10%, 
for in 20 of the remaining patients complete 


time of 
exclude this disease in an additional 


clearing of clinical and roentgenographic 
occurred, a 


beryllium disease. 


manifestations rare event in 
Special interest attaches to the patients 
who had disease which clinically and roent 
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DIFFERENTIATION OF SARCOIDOSIS AND BERYLLIUM DISEASE 


genologically 


could) not be distinguished 
from beryllium disease. The diagnosis of 
sarcoidosis appears to be least secure in this 
category, which comprised 41 patients. It 1s 
in this group that there is the greatest likeli 
hood of confusion not only with beryllium 
disease, but with tuberculosis, histoplasmo 
sis, and other systemic granulomatous dis 
eases. However, detailed analysis of these 
41 patients reveals few differences from the 
168 patients with more typical manifesta 
tions of sarcoidosis. The age and sex dis 
tribution was similar in the two groups, but 
the proportion of white patients was high, 
10 of the 41 being white. The results of 
tuberculin tests in this group were interest 
ing, 
68 , almost exactly that noted in the larger 


Negative reactions were obtained in 


group, but the percentage reacting to first 
strength tuberculin (9 ) was high. Histo 
plasmin tests were positive in 2 of 24 pa 
tients in this group tested. The sites from 
which histologic evidence of sarcoidosis was 
secured by biopsy were the following: lungs 
(15 cases), cervical lymph nodes (10 cases ), 


axillary nodes (6 cases), inguinal nodes (2 


> 


cases), sealene nodes (3 cases), liver 


cases), and tonsils (2 cases). Three patients 


ultimately developed tuberculosis, a fre 


quency (7.3) considerably greater than 
the rate (1.74) in the other patients. The 
prognosis of this group of 41 patients was 
better than that of sarcoidosis patients in 
general: There were no deaths, and in 20 
patients (48.8 ) complete roentgenographic 
and clinical clearing of disease was observed. 
There is nothing to suggest, therefore, that 
the category under consideration harbored 
unrecognized cases of beryllium disease or 
histoplasmosis, although some cases of tu 
bereulosis may have been erroneously in 
cluded in this group. 


Comment 


Beryllium disease may be defined as a 
characteristic granulomatous change atfect 
ing the respiratory tracts of persons with 
definite exposure to beryllium revealed by 
epidemiologic study or by evidence of beryl 


lum in tissue or urine, 
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Although necropsies have shown lesions 
due to beryllium in liver, spleen, kidney, 
myocardium, lymph nodes, pleura, and lung,! 
a review of reported cases *? of beryllium 
disease and of seven of our own cases in- 
dicates that in life extrapulmonary mani- 
festations are rare. In almost all cases, 
respiratory difficulty is the dominant com- 
plaint; physical examination reveals little 
abnormality, and roentgenograms show dif- 
reticular, or 


fuse granular, fibrotic pul- 


monary changes. 

Sarcoidosis, on the other hand, is a sys 
temic disease not only pathologically but 
clinically 
dence of extrapulmonary involvement was 


and roentgenographically. 
demonstrable by radiologic and clinical study 
in more than 80% of our 209 patients. Thus 
the original examination provided strong 
evidence against a diagnosis of beryllium 
disease in a large proportion of patients with 
sarcoidosis. This evidence is conclusive in 
patients with the roentgenographic changes 
which have been enumerated and in patients 
with ocular, parotid, lacrimal, central ner 
vous system, and musculoskeletal involve 
ment. The 
with 


cutaneous lesions observed) in 


patients sarcoidosis appear to be 


clinically distinguishable from those de- 
scribed in patients with beryllium. disease. 
There is strong evidence that the presence 
of hepatomegaly and splenomegaly can serve 
to distinguish sarcoidosis and berylliosis, 
since palpable enlargement of these organs 
is rare in beryllium disease in the absence 
of congestive failure. Hyperealeemia, which 
was observed as the only extrapulmonary 
manifestation of two cases of sarcoidosis, 
cannot be used to exclude beryllium disease 
but does serve to exclude other granuloma- 
tous diseases with which sarcoidosis and 
beryllium disease may be confused. 

Patients with persistent disease confined 
to the lungs present the greatest diagnostic 
difficulty. If there is history of exposure to 
beryllium, however slight and brief, beryl- 
lium disease requires serious consideration 
and lung biopsy is indicated. If granulomas 
demonstrable but 


are the spectrographic 


analysis reveals no beryllium, beryllium dis- 
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ease is not excluded. We have had two pa- 
tients with clinical and pathologic changes 
indicative of beryllium disease but with no 
beryllium demonstrable in lung biopsy speci- 
mens. One proved to have beryllium dis- 
ease at necropsy, and the subsequent clinical 
course of other appears to be more 
typical of beryllium disease than of sar- 
coidosis. 

If, however, lung biopsy demonstrates 
granulomas and spectrographically beryllium 
is demonstrable, the case is presumed to be 
one of beryllium disease. This evidence, 


however, is not beyond question, since 


Chamberlin, Jennings, and Lieben* found 
that many routine necropsies in Reading, 
Pa. and its suburbs (where a beryllium plant 
is located) show beryllium in lung samples 
in amounts equal to that of patients with 
beryllium disease, Patients may have. sar- 
coidosis unrelated to the beryllium content 
of the lungs. 

Can skin tests be relied upon to distin 
guish sarcoidosis and beryllium disease? In 
one of the cases reported by Schwartz and 
his associates ® the diagnosis of beryllium 
granulomatosis was based largely on a nega- 
tive Kveim test. But experience with this 
reaction 1s convincing that it cannot be re- 
lied upon either to exclude sarcoidosis or to 
prove its presence. Unless standardized 
and stable test materials are developed, the 
Kveim reaction can be of no assistance in 
differentiating sarcoidosis and beryllium dis- 
ease. Curtis ® has reported use of beryllium 
skin tests to distinguish the two. Reported 
experience with this reaction is too meager 
to justify exclusion of beryllium disease in 
an otherwise typical case merely because of 
a negative skin reaction, A strong objection 
to use of this test, moreover, rests in the 
fact that the beryllium skin test is antigenic. 
This test may not only be misleading but 
actually injurious. 

Does the relative frequency of these two 
diseases permit their differentiation on a 
probability basis? The highest reported rate 
of sarcoidosis in a rural Swedish county '° 
is 140 per 100,000 inhabitants. The fre- 


quency is apparently lower in this country, 
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ranging from an estimated 40.1 per 100,000 
Negro veterans to 3.3 among white veter- 


ans.!! The rate in females is somewhat 
greater, 
The frequency of beryllium disease 


among persons exposed to beryllium would 
appear to be of a considerably higher mag- 
nitude, ranging perhaps from 39 or 4¢¢ of 
those directly exposed to 0.1% of those in 
the neighborhood or indirectly exposed. If 
these estimates are approximately correct, 
granulomatous pulmonary lesions in a white 
male American exposed to beryllium is many 
times more likely due to beryllium disease 
than to sarcoidosis, 

It appears reasonable to conclude that in 
most instances sarcoidosis and beryllium 
disease can be differentiated with a high 
degree of accuracy by careful clinical and 
roentgenologic study. The need for reliance 
on epidemiologic findings, speetrographic 
analyses, and beryllium skin tests is re 
stricted to a minority of cases. 


Summary and Conclusions 
Clinical and roentgenographic findings in 
209 patients with sarcoidosis are compared 
with those encountered in beryllium disease. 
the 
chest, hands, and feet showed in 68% of pa- 


RKoentgenographic examination of 
tients with sarcoidosis changes which are 
not characteristic of beryllium disease. 

Clinical examination revealed in an addi 
tional 12% extrapulmonary lesions which 
are not encountered as a rule in beryllium 
disease. 

Observation demonstrated complete roent 
genographic clearing of pulmonary lesions in 
half of the remaining cases, 

Sarcoidosis and beryllium disease can be 
distinguished in most instances by roent 


Israel 


Sones 


DIFFERENTIATION OF SARCOIDOSIS AND BERYLLIUM DISEASE 


genographic and clinical criteria. Differenti- 
ation of the must rest on 
epidemiologic data, spectrographic analyses, 
and skin tests in only 1006 of cases. 


two diseases 


‘ 
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Treatment of Chronic Beryllium Poisoning 


ALBERT O. SEELER, M.D., Cambridge, Mass. 


Many of those present had the responsi- 
bility for the care of patients with chronic 
beryllium poisoning prior to the availability 
of corticotropin (ACTH) and the adrenal 
steroids, and in most instances it was a sad 
experience. While a few of the patients 
could be expected to show a spontaneous 
remission and others seemed to reach an 
equilibrium with their disease at varying 
levels of disability, the prospect for the ma- 
jority of the patients was a relentless pro- 
gression of with 


eventual complete disability and finally, in 


pulmonary destruction 
agonizing weeks or months prior to death, 
an existence dependent on oxygen therapy 
and all the supportive skills the physician 
could muster, While it is not possible to ob 
tain precise data concerning the status of 
all patients with chronic beryllium disease 
just before steroid therapy was introduced, 
it was the impression of physicians with 
extensive experience with chronic beryllium 
poisoning that about one-third of the pa 
tients were dead; one-third, while still alive, 
were showing deterioration in their condi 
tion, and in the remaining third the disease 
seemed either stationary or perhaps some 
what improved.'? 

A rational approach to therapy must be 
based on an understanding of the pathologi- 
cal physiology of the disease. This infor 
mation was provided by studies of the 
pulmonary function of patients with chronic 
beryllium which 


poisoning, demonstrated 
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that the primary physiological defeet was an 


impairment of the diffusion of oxygen 
through the alveolar wall, with a consequent 
increase in_ the 


alveolar-arterial oxygen 


gradient.** These physiological findings 
were consistent with the histology of the 
disease, which was known to be character- 
ized by a diffuse interstitial as well as 
nodular Dutra® described the 
granulomas, which are typical of the disease, 


fibrosis. 


as occurring im part within the alveolar 
spaces and also within septal and peritruncal 
tissue. Of particular importance for thera- 
peutic consideration is the fact that a poten- 
tially reversible infiltration with mononuclear 
cells may be a striking feature of the tissue 
reaction, 

Postulating that corticotropin might alter 
the tissue reaction in chronic beryllium poi 
soning as it had been shown to do in certain 
other diseases, Kennedy and his associates © 
undertook to treat a patient with this dis 
case, and reported their findings in 1950. 
The clinical improvement was prompt and 
dramatic, and there was also some improve- 
ment in pulmonary function and in the chest 
x-ray. Unfortunately, when treatment was 
discontinued there was relapse to the pre- 
treatment condition. Thorn and his co 
workers reported a similar experience with 
steroid treatment.’ 

In view of the grim prognosis of chronic 
beryllium poisoning, it is not surprising that 
these encouraging results immediately stimu 
lated many physicians to start their patients 
on steroid treatment. In order to enable the 
investigators to share their preliminary data 
and to promote discussion of the problems 
presented by this therapy, a symposium, 
by the Occupational Medical 
Clinic of the Massachusetts General Hospi 


sponse 


tal, under the leadership of Dr. Harriet L. 
Hardy, was held on Dec. 13, 1950, and is a 
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landmark in the history of our knowledge of 
beryllium disease. Numerous papers were 
presented reporting the results of short 
term therapy with corticotropin and corti 
sone, and with few exceptions the clinical 
improvement was encouraging, though re 
lapse after cessation of treatment was the 
rule.” At this symposium, Ferris and his 
co-workers reported that in the three pa- 
tients whom they had studied before, during, 
and after corticotropin treatment, there was 
a significant improvement in the oxygen dif 
fusion by the 
alveolar-arterial oxygen gradients, although 


impairment as measured 
the ventilatory ability was improved in only 
the Wright, likewise, re 
ported a reduction of the alveolar-arterial 


oxygen gradient in a patient treated with 
10 


one of three.” 


cortisone. 

The results reported at the symposium of 
1950 established the fact that corticotropin 
and cortisone could produce at least a tem 
porary beneficial effect in most patients with 
While only 
limited pulmonary function data were avail 
the fact that 
found to have decreased their alveolar-ar 


chrome beryllium poisoning, 


able, several patients were 
terial oxygen gradient during corticotropin 
and cortisone therapy indicated that the 
clinical improvement was at least in- part 
based on an actual improvement in the 
of the 


namely, the tissue reaction blocking the oxy 


fundamental — pathology disease, 
gen diffusion, rather than being entirely 
a nonspecific subjective effect. 

In spite of these encouraging findings, 
which gave hope that the disease could be 
controlled, such basic questions concerning 
the use of steroids as the proper dosage ; 
the best method of administration, whether 
all, 
whether steroid therapy could actually sig 


constant or intermittent, and above 
nificantly influence the ultimate course of the 
the 


Now, eight years later, | wish | 


disease, remained to be answered in 
future. 
could offer unequivocal answers such 
questions concerning the method and value 
of long-term steroid therapy. 

The chief difficulty in the evaluation of 
treatment in chronic beryllium poisoning is 


Sceler 


that it is a comparatively rare disease, and, 
therefore, it is not possible to gather large 
groups of patients for treatment with vart- 
ous but carefully standardized regimens as 
has been done so successfully in’ studying 
the treatment of tuberculosis. [urthermore, 
as has been stressed by Hardy,'! the course 
of the disease is variable and, consequently, 
it is impossible to be sure that seemingly 
beneficial results from steroid therapy in a 
An 


additional factor which must be considered 


small series of cases are not fortuitous. 


in an objective evaluation of case reports is 
the wishful thinking that the physician so 
concerned for his patients’ welfare can 
hardly escape in estimating climeal improve 
ment. 

the detailed 


function tests which are so important in 


Unfortunately, pulmonary 
evaluating the progress of chronic beryllium 
disease present such technical difficulties that 
they have not been available for routine use 
little 


concerning the effect of long-term. steroid 


and, consequently, very information 


therapy on pulmonary function has been 
made available, although some is to be re 
ported at this symposium, 

| have had the privilege of reviewing the 
data on corticotropin and steroid therapy 
that is contained in the files of the Beryl 
lum Case Registry Unfortunately, in 
many instanees, the data that have been sup 
plied the Registry do not give much infor 
mation concerning such important details of 
therapy as the size of dosage and whether 
lSurthermore, in 
that 


ready been mentioned, it 1s hard to estimate 


or not it was continuous. 


most instances, for reasons have al 


the degree of improvement, if any, from 
the Registry data. 

The mortality among the Registry cases 
with and without steroid treatment is shown 
in ‘Table 1.) most the cause of 


1.—Effect of Steroids on Survival 
‘Total No No. 
No Living Dead Dead 
No steroid treatment 2065 1 100 3Y 
Treated with steroid 126 105 21 If 


i 
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death was not given, so all reported deaths 
have been included. The difference in mor- 
tality between the two groups is striking 
and certainly seems to favor the steroid- 
treated group. However, the interpretation 
of these data is uncertain in that many of 
the survivors not been treated 
have lived an appreciably longer time with 
their disease than those living on steroid 
therapy, since such therapy has been gen- 
erally available for only about eight years. 


who have 


On the other hand, it is reasonable to as- 
sume that since 1950 most patients whose 
disease seemed to be progressing have been 
placed on steroid therapy, so that the treated 
group probably represents the more seri- 
ously ill patients, though the Registry in- 
formation does not permit a_ satisfactory 
comparison of the severity of the disease 
between the steroid and nonsteroid groups. 


TABLE 2.—Comparison of Steroid-Treated 


Patients Living and Dead 


Ist Be Onset to 
Exposure to Beginning 
Treatment, Treatment, 
Disease 


on 

Oxygen 
Before 
Steroids 


Age of 
No. Onset of 
Cases 


Dead 21 38 f 70 
Living 100 K i 15 


Table 2 compares data from the records 
of steroid-treated patients who have died 
with data from the records of steroid-treated 
patients who are living. It will be seen that 
on the average those that died were older at 
the onset of symptoms of their disease and 
that there was a somewhat longer period 
between onset of symptoms and initiation 


of steroid treatment than in the group of 


survivors, The incubation period as meas 
ured by the time from initial exposure to 
onset Of symptoms was somewhat shorter in 
the group that died, but this 1s probably not 
a significant factor in relation to therapy. 
In order to be able to e¢ mupare the severity 
of the disease prior to therapy of the 
steroid-treated patients who died and_ the 
steroid-treated living patients, the records 
were searched for information concerning 
chest x-rays, electrocardiograms, and such 
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findings on physical examination as cyano- 
sis and clubbing of the fingers. Unfor- 
tunately, such information was too sparse 
to be of value. However, on review of the 
records, it became apparent that quite a 
number of patients were reported to have 
required oxygen prior to initiation of steroid 
treatment and it seemed reasonable to use 
this information as indicative of the severity 
of the disease. As is shown in Table 2, 
70% of the steroid-treated patients who 
have died needed oxygen prior to treatment, 
whereas only 15% of those who have sur- 
vived required oxygen before steroid treat- 
ment was begun. These figures show that 
the majority of patients who died in spite of 
steroid therapy had far-advanced disease 
before steroids were given and indicate that, 
if possible, treatment should be started be- 
fore the patient is severely ill, 

The data supplied to the Beryllium Case 
Registry, unfortunately, does not give suf- 
ficient information concerning the size of 
steroid dosage or the method of administra- 
tion to permit any conclusions to be drawn 
concerning the relation of these important 
factors to the course of the disease. During 
the first years of hormone therapy, cor- 
ticotropin. was used extensively for both 
initial therapy and maintenance, but in re- 
cent years cortisone or prednisone has been 
used almost exclusively for both initial and 
maintenance therapy. The initial dosage of 
corticotropin was usually 100 mg. daily, and 
the maintenance dosage varied between 10 
and 50 mg. daily. The initial dosage of 
cortisone has varied between 100 and 300 
mg., with maintenance dosages ranging from 
12.5 mg, to 100 mg. As might be expected 
on the basis of relative therapeutic poteney, 
the predmisone dosages that are being used 
are about one-fifth of the cortisone dosage. 
Apparently, most physicians believe that 
constant therapy is preferable to intermit- 
tent treatment, since the majority of patients 
for whom information was available were 
on constant therapy. No analysis can be 
made of the ineidence and nature of com- 
plications of steroid therapy, because very 
few of the reports to the Registry make any 


Vol. 19, Feb., 1959 


ie 
we 
4 


note of them, It is probable that there have 
been relatively few serious steroid complica- 
tions, since it seems reasonable to assume 
that the reporting physicians would have 
mentioned their occurrence correspond- 
ence with the Registry. 

would like to discuss 
brietly my impressions of the potential value 
and proper use of steroid therapy. These 
are, of course, based in part on the informa- 


In conclusion, I 


tion concerning the disease which has been 
published and on the data in the Beryllium 
Case Registry and in part on observation of 
patients treated personally or whose treat- 
ment by other physicians has been followed 
reasonably closely. 

| believe that the premise that steroid 
therapy can cause a beneficial alteration in 
the tissue reaction to beryllium is valid and 
that it is theoretically possible to prevent the 
occurrence of disability from chronic bery! 
lium poisoning if treatment is not delayed 
and if adequate amounts of steroid are ad- 
ministered constantly for an indefinite pe 
riod of time. Most of the treatment failures 
seem to have been due to inadequate dosage 
of steroids or to the fact that a damaging 
amount of had 


steroid therapy could be undertaken, 


fibrosis occurred before 

It is difficult to decide when steroid ther- 
apy should be started in a patient who may 
have x-ray evidence of the disease but who 
has little or no apparent disability, It is my 
impression that steroid therapy should be 
started as soon as pulmonary function tests 
show a diffusion block, even though the pa 
tient may have no symptoms, The initial 
dosage should be as large as the patient can 
tolerate, and this should be maintained until 
there is no further improvement in the dif 
fusion defect. After initial therapy, the 
maintenance dosage should be monitored by 
serial determinations of the alveolar-capil 
lary block and the dosage should be ad 
justed as required to maintain: the patient 
on the minimum steroid dosage necessary to 
control the diffusion defect, The steroids 
must, of course, be used with full recog 
nition that they are potentially dangerous 
agents, and the physician must be on guard 
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against the possible serious complications of 
this therapy. 

Further study of the disease may provide 
the clinician with a simpler method for the 
evaluation of therapy than the technically 
difficult measurements of alveolar-capillary 
block that 


example, Dr. 


lor 
Hardy ' has suggested that 


are available at present. 
measurements of serum globulin may prove 
to be a satisfactory method for assessing the 
activity of the disease and thus serve to 
control therapy. 


Summary and Conclusions 

The data supplied to the Beryllium Case 
Registry concerning the effect of steroid 
therapy on chronic beryllium disease are 
reviewed. Although analysis of the data 
suggests that steroid therapy has a bene 
ficial effect on the course of the disease, 
definitive evaluation of the role of steroid 
therapy must await further experience in the 
treatment of the disease. Suggestions are 
made concerning the management of steroid 
therapy. 

Medical Department, Massachusetts Institute of 
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Poisoning 


In 1951 the first) successful antidote, 


aurintricarboxylic acid (ATA) (Tig. 1), for 
experimental beryllium poisoning re- 
ported.’ The discovery was the result of our 
view that successful treatment should pref- 
erably involve in situ inactivation of Be ions 


Received for publication Novy. 7, 1958. 

expanded from a talk given by Dr. Schubert in 
this Symposium. 

The investigations described in this paper were 
carried out under the auspices of the U.S. Atomic 
Energy Commission. 

Dr. Schubert is a senior chemist in the Division 
Medical 


Dr. Rosenthal is a consultant 


of Biological and Research, Argonne 


National Laboratory 
to the Division of Biological and Medical Research, 
Argonne National Laboratory. 


| \ 
COOH COOH 


OH 


Aurintricarboxylic Acid (ATA) 


Chelate of ATA with Be 
Figure 1 


Chemical Approaches to the Treatment of Beryllium 


JACK SCHUBERT, Ph.D., and MARCIA WHITE ROSENTHAL, Ph.D., Lemont, Ill. 


rather than the promotion of Be exeretion 
and removal from tissues.* 

This paper will review studies on the 
mechanism of action of ATA and_ related 
compounds against beryllium and will pre 
sent results of unpublished studies of ATA 
toxicity. Recommendations on the use of 
ATA in berylliosis are also given, based on 
results in experimental beryllium potsoning. 


General Considerations 
The toxic aetion of beryllium in beryllio 
sis can be ascribed to a so-called “oligody 
toxic effects of 


namic” action.” i.e... the 


extraordinarily small amounts of 
metals and their compounds. The action of 
minute quantities of beryllium is shown ex 
perimentally by several lines of evidence, in 
cluding the following: (1) the delayed but 
eventual induction of granuloma and. fibro 
sis in dogs by a metal alloy used in surgical 
repair which contained small amounts of 
beryllium * (an alloy identical composi 
tion except for the absence of beryllium was 
inert); (2) the in vitro inhibition of plasma 
alkaline phosphatase by less than one-mil 
(3) 


liferative effects on algae and other plants °; 


lionth of a mole of beryllium °; pro 
(4) development of osteogenic sarcomas in 
experimental animals injected with insoluble 
beryllium compounds.* 

Qn a theoretical basis two approaches for 
treatment of beryllium poisoning may be 
considered, One involves the use of chelat 
ing agents that reaet with beryllium ions to 
form a stable compound, a chelate, which 
is soluble, diffusible, and readily exereted 
The 


edathamil Cethylenediaminetetraacetic acid) 


from the body. well-known use. of 


DTA) for treatment of lead poisoning ex 
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The second 
approach is the use of inorganic anions or 
certain chelating agents, such as dyestuffs, 
which form insoluble lakes or 
with the 


emplifies this type of approach. 


“polychelates” 
The formation 
of these insoluble compounds renders the 


Je ions in tissues. 


Be inactive and therefore nontoxic but does 
not necessarily affect its excretion pattern. 
Use 


of water-soluble, excretable 


chelates was soon dismissed as impractical? 


readily 


When metals have been retained in tissues 
for long periods, it is practically impossible 
to remove more than a small fraction, The 
chemical nature of beryllium is such that 
under physiological conditions it reacts with 
only a restricted group of chelating agents. 
Chelating agents in which the important 
coordinating atoms involve nitrogen, e. g., 
edathamul, or sulfur, e. g., 2,3-dimereapto-1- 
propanol (BAL.), do not react appreciably 
with beryllium ions under physiological con 
ditions. Consequently, readily — excreted 
chelating agents related to L/DTA and BAL 
cannot be considered as therapy for beryl 
lium sodium citrate 


poisoning. Injected 


forms soluble complex with beryllium 


which enhances beryllium exeretion in rats 
given a lethal dose of BeSO,y? 
time, 


At the same 
however, the toxicity of Be is  in- 
creased, as evidenced by a decreased survival 
time, This enhanced toxicity is believed to 
be due to an the amount of 
ionized beryllium in certain critical tissues.* 

As a result of these considerations atten- 


increase in 


tion was focused on compounds which might 


* However, in the case of compounds forming a 
stronger complex with Be than citrate, 


sodium. salicylate, the 


for example, 


increased excretion im acute 


Be poisoning does not produce toxic effects. 


Effective: On 

coo 
Ineffective: 

JOH 
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Figure 
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chemically inactivate beryllium ions within 
the tissue, so that tissue damage would not 
ensue. The ammonium salt of ATA, a 
widely used analytical reagent (aluminon ) 
for colorimetric analysis of aluminum, was 
considered because it was known to react 
with beryllium, l'urthermore it was known 
that the insoluble 
formed between 


lake or “polychelate” 
ATA is stable 

the physiological pH range and that calcium 
ions would not interfere with the 
After the demonstration ' 


Be and 


reaction. 
of the efficacy of 
ATA as an antidote for experimental acute 
beryllium than 70 other 
compounds were tested for their ability to 


reverse 


poisoning, more 


inhibition — of 
plasma alkaline phosphatase or to prevent 


beryllium-induced 


the death of beryllium-poisoned animals.* 
The representative compounds 
on the distribution and excretion of radio- 
beryllium were 


cffects of 


These 
studies revealed a number of factors of gen- 
eral importance in the therapy of beryllium 
poisoning. 

1. The beryllium. stable 
under physiological conditions must involve 
a five: Of the two 
coordinating groups, one must be a phenolic 
OH group and the other must have a readily 
displaceable Aliphatic hydroxy 
groups cannot enter into chelation with Be 
because the proton is too tightly held to be 
displaced by Be to 


also determined. 


only chelates of 


or six-membered ring. 


proton, 


form a chelate ring. 
These requirements for chelation of Be ex- 
plain the ineffectiveness of the compounds 
shown in Figure 2. A_ full 
these requirements is in Reference &. 

? 


discussion of 


Protection of animals acutely poisoned 
with beryllium involves in situ: inactivation 


— OH 


(OH 
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of the toxic Be ions in the blood and other 
tissues. The ability to increase excretion of 
the beryllium ion is not necessarily a meas- 
ure of therapeutic effectiveness. ATA was 
the most effective therapeutic agent tested 
against acute beryllium poisoning, but Be* 
distribution data demonstrate that its effect 
is not associated either with an increase in 
se excretion or with any significant redis- 
tribution of Be. Interestingly, salicylic and 
sulfosalicylic acids, both effective in therapy, 
do cause increased Be excretion when they 
are given one hour after the Be. However, 
when injected after four hours, salicylic acid 
still protected the Be-poisoned mice while 
sulfosalicylic acid did not, in spite of the 
fact that excretion of Be was increased to 
the same extent in both of these groups and 
that the concentration of Be in the tissues 
was identical.? Therefore, the excretion of 
Be per se is probably not the important fac- 
tor, and for these substances as well as 
ATA, in situ inactivation appears to be the 
mechanism of protection. 

3. The presence of groups that enhance 
the water solubility of the chelating agent 
reduces effectiveness in the treatment of Be 
poisoning.*® Several compounds that are 
effective in vitro, as measured by reversal 
of Be-induced enzymatic inhibition, are 
either completely imactive in vivo (for ex- 
ample, sulfonated ATA) or have reduced 
effectiveness (sulfosalicylic and gentisic 
acids ), 

4. Chelate strength or stability is neces 
sarily an important factor protection. 
The Be-ATA chelate is 10 times as strong 
as the Be-salieylate chelate.’ addition, 
the formation of a lake, being a form of 
polymerization, further contributes to the 
permanence of the association by rendering 
the Be-ATA chelate less soluble. 

5. Other factors, such as degree of pro 
tein binding, organ and tissue distribution, 
rate of biological degradation and excretion, 
molecular size, and toxicity of the chelating 
agent, also influence its usefulness. These 
have been discussed at some length in an 
earlier publication.® 
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ATA and Experimental Beryllium 
Poisoning 

Acute beryllium poisoning is produced in 
mice given 0.7 mg. Be per kilogram as 
beryllium sulfate intravenously. This dose, 
the LDgs, results in death of the animal in 
two to five days, primarily from liver failure. 
Essentially complete survival of mice given 
this dose of Be is obtained when a water 
solution of the sodium or ammonium salt 
of ATA is administered intravenously at a 
dose as low as 40 mg. per kilogram.’ Sig 
nificant protection is afforded when ATA is 
given two days prior to or as long as 10 
hours after Be administration.'- These fig- 
ures indicate that ATA is capable of inac 
tivating the beryllium when either the ATA 
or the Be has been in the body for an ap 
preciable time. The ineffectiveness of ATA 
given 16 hours after the Be is probably due 
to irreversible damage caused by lethal 
amounts of Be in the critical tissues and 
does not necessarily indicate that ATA can 
not make contact with or inactivate Be 
deposits of long standing. Oral administra 
tion of ATA ts ineffective because the ATA 
precipitates at gastric acidities and hence ts 
unabsorbed. 

Direct evidence for the prevention of Be 
induced tissue damage by ATA therapy has 
been published by Lisco and White.'! Death 
of mice given the LDyx of BeSO, is associ- 
ated with severe necrotizing lesions in the 
liver, spleen, and bone marrow. ATA given 
one hour after the Be greatly diminished 
the injury in these tissues, and they were 
completely free of beryllium damage three 
days later. Vigure 3 illustrates the protec 
tive effect in the liver. The permanency of 
inactivation is further shown by the fact 
that these tissues are normal when examined 
320 days later. It is probable that no Be 
damage would have occurred if ATA treat 
ment had not been delayed for one hour, 
since the histological evidence indicates that 
the injury was initiated within the first hour 
before the treatment was given. This injury 
was mild and it was repaired rapidly. The 
fact that additional lesions in liver, spleen, 


and bone marrow were not seen after 24 
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Fig. 3. 


hours is evidence for the speed of inactiva- 


tion of beryllium by ATA." 
The use of radioberyllium, 


this work and one of interest to those con- 


sidering the use of ATA in 
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Prevention of beryllium-induced liver damage by 
tissue 48 hours after intravenous injection of the LDos of SO.. 
48 hours after the same dose of Be 


Be*, and 


labeled ATA is an important extension of 


clinical 
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ATA." A, destruction of liver 
B, normal appearance of liver 


followed in one hour by 4 meg. of ATA 


Table the 
distribution of intravenously injected ATA, 


vestigations. shows organ 


The levels of ATA in the organs of the rat 


decrease very slowly from those shown at 


one day, so that they are almost the same 


in- after one to three months and are still meas- 
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TaBLe 1.—Tissue Distribution of ATA 
Twenty-Four Hours After Intravenous 
Administration * 


% of Injected Dose 


Dog Rat 


Blood. 7.58 3.20 
Spleen 0.40 0.42 
Kidneys... 3.20 3.92 
Liver. ... 10.2 9.13 
Lungs 0.58 0.62 
5.6 5.3 
Muscle..... 10.5 5.5 
30.7 24 
G.I. tract and feces 42 


* Data from references 10 & 12. Each figure is the mean of 
values from two dogs or three rats. Bone content was calculated 
from the amount in the femurs (rat) or two ribs (dog). The 
figures shown for total tissues of blood, bone, and pelt in the rat 
were calculated from the aliquot analyzed using data in Ref- 
erence 13, 


urable for as long as eight months.'? Even 
more important than the gross distribution 
is the demonstration that, in general, the 
ATA concentrates in the same tissue loci 
se (Table 2). 


The usefulness of 


as the 
ATA in 


poisoning is of greatest interest and im 


chronic Be 


portance. The main problem, of course, is 
the 
ATA and the damaging Le ions that have 
The fact 


establishment of contact between the 


been in the tissues for some time. 


TABLE 2. 


Tissue Be, Injected Alone 
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ATA, Injected Alone 


that ATA, in acute Be poisoning, is effective 
when given 10 hours after the Be, when less 
than 9 of the Be remains in the blood, 
shows that ATA is capable of inactivating 
Be already in the tissues. Denz 17? showed 
that a dye very similar in structure to ATA 
reacted) with the Be had been 


bound to tissue proteins for several months 


Be when 


at the site of intradermal injection. 

Once formed, the Be-ATA chelate is in 
active physiologically as indicated by the 
histological evidence cited above."' This 
permanence is also illustrated by the follow 
ing experiment which was designed to ob 
tain a partial answer to the question of the 
effectiveness of ATA in chronic berylliosis 
or under conditions of continued beryllium 
exposure. Mice were given repeated lethal 
doses of Be and ATA treatments for a total 
of four 


times, with a 


interval 
The 


given Be only, were 


two-week 
separating each pair of injections.’ 
controls, which were 
either (1) previously 
(2) 


untreated animals or 
mice that had been poisoned and pro 
Table 3 


summarizes the experimental design and the 


tected at preceding injection(s ). 


results of one of two experiments per 
formed, 


All controls receiving Be alone for the 


first time died between one and = one-half 


Microscopte Localization of Be’ and C'-Labeled ATA * 


Be and ATA, Injected into Same 
Animal 


Liver Diffuse, '* some concentration of Be Diffuse ATA concentrates in areas of foca ne- 
in periphery of liver lobules '* crosis caused by Be 1 
Spleen Red pulp especially perifollicular Red pulp, especially in perifollicu- No change in distribution of either Be 
sinuses lar sinuses or ATA 
Lung No specific pattern Diffuse distribution, with concen No significant differences in distribu- 
tration in lymph tissue tion but higher uptake of both Be and 
ATA 
Kidney In cortex only, especially at cortico In cortex only, especially outer zone, Be shifted to outer zone of cortex and 
medullary junction in tubules, none in glomeruli concentration in streaks which corre 
spond to tubular injury; ATA con 
centration in damaged tubules, in 
cluding those in medulla, and in 
damaged glomerull; higher uptake of 
both Be and ATA 
Femur Osteoid tissue adjacent to epiphysis, Entirely in periosteum and mar- 
medullary cavity, traces in peri- row *? 


osteum '* 


* Except where otherwise indicated, the materia! is summarized from Keference 14. Each mouse was given an injection intrave- 
nously with 200 mg. per kilogram of ammonium salt of ATA, labeled with C 
ty. The Be’ was injected intravenously in a carrier BeSO , solution so that each mouse received 0.54 mg 
When both solutions were injected, the ATA followed the Be at one hour 


Rosenthal 


Schubert 


“methyl labeled ATA at @ level of 0.05 me. © ‘+ aetivi- 


Be per kilogram (1D 
Distribution was studied at 12 and 48 hours 
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Tasie 3.—Protection of Mice Given Repeated Injections of of 


Injection I Injection II Injection IIT Injection 1V 


10 Be, 0% 10 Be, 0% 10 Be, 0% 10 Be, 0% 


97 Be + ATA, 94% 


Be, 20% 
81 Be + ATA, 63% t 


10 Be, 10% 
38 Be + ATA, 95% __, {15 Be, 20% 
16 Be + ATA, 88% 


lO ATA, 100% + WATA, 100% lOATA, 100% 1OATA, 100% 


* At cach injection date the Be dose was 0.7 mg. Be per kilogram, given intravenously as BeSO,, and the ATA treatment was 2 
mg. of the nonsterilized ammonium salt of ATA, also given intravenously, When both were administered on the same injection date, 
the ATA followed the Be by one hour. A two-week interval separated injection dates. 

The arrows indicate that the same animals were used on successive injection dates. 


The number preceding the treatment indicates the number of animals in the group, and the per cent figure shows the per cent sur- 


vival of the mice in that group 14 days after the injection. 


+ Unexpected low survival believed to be correlated with infection by intestinal bacillus. 


and nine days after injection, ATA pre- 
90% of the 


four succes- 


vented death in approximately 
treated mice after each of the 
sive injections. Since, under these condi- 
tions, about 80% of the Be injected is 
retained in the animal,’ treated mice surviv- 


ing the four Be injections retained a total 


of at least 56ng. of Be—roughly three times 
the lethal dose for a single injection. 

At each injection, the Be-injected control 
mice that had been injected previously with 
both Be and ATA showed some evidence of 
protection by the earlier treatments.} A few 
mice lived, and those that succumbed did not 
die as rapidly. The second experiment, 
identical to that just described except for 
the use of the sodium salt of ATA, con- 
firmed the results. 

Although this experiment is not analogous 
to chronic beryllium poisoning, it does in- 
dicate that ATA can protect the mouse from 
repeated injections of large amounts of Be 
and that it can enable the animal to live with 
lethal amounts of Be. 

5 Presumably the earlier ATA injection(s) are 
responsible for this slightly increased survival, but 
there is also the possibility that the beryllium in- 
jections may contribute. Repeated administration 
of sublethal doses of beryllium has been shown to 
produce tolerance to a subsequent administration of 
a lethal (Scott, J.: 
Production of Tolerance and Osteosclerosis by Re- 
peated Intravenous Injections of Beryllium Sul- 
phate, UR-125, The University Rochester 
Atomic Energy Project, Rochester, N. Y., 1950). 


amount The Experimental 


of 
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It has been postulated !® that Be reacts 
with a protein to form an antigen which is 
responsible for the toxic manifestations of 
chronic berylliosis. If this is the mechanism 
of Be toxicity, it is reasonable to suggest 
that ATA would be able to inactivate the 
antigen. Denz’s work,!®!* described above, 
shows that a similar dye can react with Be 
bound to protein for months. Furthermore, 
the fact ® that ATA reverses the Be inhibi- 
tion of alkaline phosphatase without physical 
removal of the Be is suggestive evidence 
that the antigenic properties of Be can be 
prevented or reversed. 

Sodium salicylate is a successful antidote 
in experimental acute beryllium poisoning,?° 
although the chelate which it forms with 
beryllium is weaker than the Be-ATA che- 
late, and larger doses of salicylate than 
ATA are necessary to protect Be-poisoned 
mice.” The usefulness of the salicylates in 
chronic beryllium poisoning might also be 
more limited, primarily because of their 
more rapid metabolism and excretion. In the 
case of pretreatment, it has been shown that 
the salicylates are not available to inactivate 
Be in the critical tissues for more than about 
six hours in comparison with 52 hours for 
ATA?® 

Acute Toxicity of ATA ¢ 

Table 4 summarizes the acute toxicity 
studies of several salts of ATA in rats and 

{ The experimental studies on the acute toxicity 
of ATA were carried out by Dr. Rosenthal and 
William Westfall of this laboratory. Sylvanus A. 
Tyler assisted in the statistical analyses. 
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TasLe 4.—Toxicity of Salts of Aurintricarboxylic 
Acid Twenty-One Days After a Single 
___ Intravenous Injection * 


LD 60/21 
No. Mean Time days+S. E., 

Species Animals Preparation Death, Hr. t Me/Kg. 
Rat 90 NH, Eastman 7.1 450412 
Rat 115 NH, repurified 25.5 34045 
Mouse 130 NH, Eastman 3.3 440+10 
Mouse 105 NH, repurified 5.6 375+11 
Mouse 136 Na repurified, 4.8 33048 

unsterilized 
Mouse &2 Na repurified, 4.0 340414 

sterilized 


* Only four deaths occurred after three days. 
+t Excluding three that died between 15 and 20 days 


mice which have been performed in_ this 
laboratory.*! 

All injection solutions were freshly prepared by 
dissolving the dry erystals in water and adjusting 
the pH to ~ 7.3 with dilute NaOH 
solutions were used in rats, four per cent in mice 


per cent 


The sterilized solutions were autoclaved either at 
15 Ib 
solutions sterilized by these two methods had the 
toxicity 


20 Ib. for 15 minutes or at for 20 minutes; 


same Repurification of the ammonium 
salt was accomplished by boiling the Eastman A’TA 
in approximately 0.5 M HCl for 15 minutes and 
The 
resulting acid form was dissolved with a minimum 
of NH,OH. solution, then acidified and washed as 
above, again dissolved with NH and dried. The 


then washing three times in distilled water 


sodium salt was prepared according to a previously 
described method “ and repuritied in a similar man 
ner, using NaOH. 

Animals used were adult female Sprague-Dawley 
and CF No. 1 


All were given a single 


rats, weighing ~ 250 em female 
mice, weighing ~ 28 gm. 
injection via the tail vein. They were observed at 
intervals until death, when autopsy was performed 
and gross abnormalities observed; histopatho 
logical studies were made. Survivors were weighed 
at regular intervals throughout their life span and 


autopsy was performed at death. 

The values for the LD so and the standard 
the 
method of Miller and ‘Tainter.** 


error were determined by graphic 
The initial response of animals injected 
ATA 


varied. Some animals showed no immediate 


with a lethal or near-lethal dose of 


symptoms, others a short period of shock 
or convulsions or one of hyperactivity with 
increased and irregular respiratory rate. 
Whatever the initial response, within a few 


minutes after injection of the L-Dso the ani 


Rosenthal 


Schubert 


POISONING 


mals became inactive and quite unrespon- 
sive, with an occasional short period of 
ataxic activity. Respiration was slow and 
deep. All animals had diarrhea. The clotting 
time was notably increased, as evidenced by 
continued bleeding at the site of injection 
for as long as 4% hours. Either the stu 
porous condition persisted until death or 
the animal gradually recovered over a period 
of about 6 hours (mice) or 12 to 48 hours 
(rats). The surviving rats lost a maximum 
of about 11 of their body weight during 
the first few days after injection but re 
gained this loss completely by two weeks. 
The mice showed only a slight and transient 
Most of the deaths 
occurred quietly between about 1 and 12 
hours, although some animals died almost 


loss on the first day. 


immediately after injection, frequently in 
convulsions. A few deaths oceurred up to 
20 days. Within the dose range employed, 
the time of death was not correlated with 
the dose received. 

Autopsies revealed lesions in the vascular 
system, most frequently in the walls of the 


bladder 


and large intestines (hyperemia and pete 


(blood vessel dilation ), the small 


chial hemorrhages in rats, bleeding into the 
lumen in mice) and, in rats, in the dura of 
the brain (hemorrhages, dilation of vessels). 
Hemorrhages in other areas in the body 
were noted in a number of rats but not in 


the mice, These were im various types of 


tissue, such as skeletal muscle, connective 
tissue, pancreas, lymph nodes, thymus, and 
aortic wall, The kidneys of all rats dying 


one-half hour or more after injection were 
enlarged, turgid, and very dark both ex 


ternally and internally. Ascites was com 
mon in rats dying after 16 hours, The 


kidneys of mice were less severely and less 
uniformly affected, and over half appeared 
normal The liver and spleen) showed no 
consistent changes in gross appearance in 
either species. 

The cause of death after a lethal dose of 
ATA ts not always clear. An embolism of 


colloidal ATTA: is 


deaths occurring 


probably responsible for 
immediately after injec 


tion, Lesions in the vaseular 


system un 
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doubtedly are responsible for some deaths 
and contribute to others. Kidney damage 
may contribute to death, at least im rats. 

The differences in toxicity of the am- 
monium salt received from Eastman and 
that repurified in this laboratory are not 
readily explained, since the two salts are 
equally effective preventing death of 
beryllium poisoned mice (Rosenthal, un- 
published data). Absorption spectra at 400- 
700 mp. of solutions of the two salts showed 
an increase in absorption in the region be- 
tween 400 and 530 mp by the Eastman salt 
and a decrease by the repurified salt, which 
may indicate a chemical difference. is 
possible that differences particle 
caused by aggregation or polymerization are 
responsible for the greater toxicity of the 
repurified salts, but these have not been 
demonstrated. 

Lisco and White,'! studying the histo- 


pathology of acute Be poisoning and ATA 
therapy, reported that a dose of 180 mg. 
per kilogram of the Eastman ammonium salt 
of ATA in mice caused no necrotizing le- 
sions in the liver, spleen, bone marrow, and 
kidney, Effeets of ATA alone on the blood 
were not studied, but counts of red and 
white cells in the peripheral blood were 
made in poisoned and protected mice.?! The 
fact that the counts were normal in the lat 
ter suggests that ATA alone would not 
change the cell counts. 

Comparative toxicity data for other im 
travenously administered dyes are scarce, 
but most of the clinically employed dyes are 
more toxic than ATA, lor example, the 
L.Ds59 of Congo red in rats is 190 mg. per 
kilogram,” while in mice that of toluidine 
blue 8 is 27.6, and that of methylene blue 7 
vans blue (T-1824) has an LDso 


of about 20 mg. per kilogram in cats and 


is 21. 
50 mg. per kilogram or less rabbits.** 
Phenol tetrachlorphthalein in rabbits has an 
approximate LDs9 of 100 mg. per kilo 
Pontamine sky blue is less toxic, 
with an LDs59 of 2,260 mg. per kilogram in 


OO 
mice." 
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Effect of ATA on Life Expectancy § 


Of the mice used in the determination of 
the acute of ATA, those that. sur- 
vived more than 21 days were observed for 
the remainder of their lives to determine the 
effect of a single large dose of ATA on life 
expectancy. The group of 312 mice com- 
prising this section of the experiment were, 
necessarily, a heterogeneous group as to 
salt and Life expectancy 
after a ATA 
studied in a second experiment set up spe 
cifically for the purpose. One hundred 
thirty-five Cl’ No, 1 female mice, aged 82 
days, and weighing 19.0-27.0 gm., were each 


dose received, 


nonlethal dose of was also 


given intravenous injections of 4 mg. | 
175 mg. per kilogram) of the Eastman am- 
monium saltof ATA. The injection solution 
was prepared as described above. One hun 
dred sixteen noninjected stock mice of the 
same age served as controls. In both experi- 
ments animals were checked daily for deaths 
and weighed regularly, and at death, x-rays 
were taken and necropsies performed. The 
life expectaney was not shortened by the 
therapeutic dose of ATA, nor was it changed 
in the case of the survivors of the LDso 
dose, 
ATA and Berylliosis 
Once safe clinical doses of ATA 


been established, it should become possible 


have 


to test its action in selected cases of human 
berylhum poisoning. In the treatment of 
chronic cases the problem is to establish con 
tact between administered ATA and those 
Be deposits imbedded tissues sur 
rounded by granulomatous lesions. It is 
necessary to adminisier ATA intravenously, 
since absorption of ATA by any other route 
is minimal. Inhalation therapy may be a 
desirable adjunct, Corticotropin (ACTH) or 
cortisone may well be given in combination 
with ATA in order to facilitate contact be 
tween Be and ATA, This approach is in 


line with the perceptive statements made by 


Aub *! at the previous beryllium symposium 
in 1950: 


§ These studies were carried out by Dr. Rosen- 
thal and Joan F. Fried of this laboratory, 
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CHEMICAL TREATMENT OF BERYLLIUM POISONING 


If one can destroy or diminish the cellular re- 
action around granulomas, it is possible that one 
would have a greater chance to remove | Note—In 
our approach the word “inactivate” is more appro 
priate than “remove’’| the substances which were 
producing those granulomas, because one expects 
the areas to be more permeable than when they are 
infiltrated 
specialized cells. 


numbers of 
From this point of view, ACTH 


and surrounded by vast 
and cortisone might give an opportunity for re 
moval of a foreign substance like beryllium which 
might not be possible in the intact granuloma 

It is that 


berylliosis patients given ATA treatment 


obvious beneficial effects in 
cannot be expected to appear soon except in 
cases of acute beryllium poisoning. It does 
not appear that treatment with ATA need 
be given repeatedly over periods of months 
If contact between ATA and 
the Be ions is possible, only a few intra- 
ATA. should be 


needed, Further, the quantity of “active” Be 


or even weeks, 


venous treatments with 
around the periphery of an imbedded par 
ticle of an insoluble compound of Be is 
minute, so that the dose of ATA needed to 
inactivate Be in chronic poisoning would be 
much less than that needed in experimental 
acute beryllium poisoning. Since we believe 
that only a few treatments with a relatively 
small dose of ATA are required, the prob 
em of possible kidney or other tissue dam 
age 
injections ) does not appear to be important. 


from prolonged therapy (repeated 
It is recommended, however, that patients 
treated with ATA be given liver- and kid 
ney-function tests and that blood coagulation 
time be checked at appropriate intervals. 
More specifically, it seems evident that 
for possible clinical use a dose of 5 mg. per 
kilogram of ATA would be appropriate ; this 
is 0.01 of the L.Dso. 


be by intravenous injection, 


Administration must 


The ATA ts prepared by recrystallization of the 
Eastman material as described earlier in this paper 
\uto 


claving of a solution of the ammonium salt of ATA 


in the section on the acute toxicity of ATA 


may destroy its action toward Be; hence the crys 
tals should be sterilized in the dry state and dis 
The solution for injection 
ATA 
conveniently prepared by starting with a 3% solu 
tion of ATA, the pH of which is about 5. About 
04 ml. of 1 N NaOH will bring a 3% solution 


solved in sterile water 


may contain 1.5% by weight of This is 


Vchubert—Rosenthal 


of ATA containing 1 gm. of the ammonium salt 
to a pH of about 7.3, after which the solution may 
be diluted with sterile isotonic saline to yield a 


1.5% se ution. 


Other possible drugs for treatment of 
berylliosis are salicylates. Since the mecha- 
nism of action of sodium. salicylate, like 
ATA, probably involves in situ’ inactiva 


tion, it would appear worth while to try a 


drug as well tolerated as the salicylates. 
They might be used alone or in conjunction 
with ATA. It is that the 
dosages and duration of treatment parallel 
those employed in the salicylate treatment 


recommended 


of rheumatic fever, since the rate of metabo 
lism and excretion of the salicylates neces 
sitate sustained high dosage levels — for 
maxunal effect. 

It seems apparent that in both acute and 
chronic poisoning by Be, the primary causa 
tive agent is the beryllium ion. Therefore, 
inactivation of the ion is logically the basic 
therapy. The potential importance of drugs 
which can react with intracellular deposits 
of metal ions cannot be overemphasized. [1 
has been too readily assumed that unless a 
drug increases the excretion of a toxic metal, 
it is ineffective. 
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Pathologic Changes of Beryllium Disease 


The Acute Disease 


JOHN B. HAZARD, M.D., Cleveland 


The acute pulmonary manifestations of 
exposure to beryllium fumes was the first 
evidence of toxicity of this substance. This 
is to be expected since there is a prolonged 
time interval between exposure and the de 
velopment of the chronic disease. The ef- 
fects of inhalation of toxic concentrations of 
beryllium fumes were first. reported in 
America by Van Ordstrand, Hughes, and 
Carmody ! in 1943. 

The acute pulmonary lesion is a chemical 
pneumonitis or bronchoalveolitis, the sever 
ity of which has been stated to be propor 
tional to. the intensity of exposure.* The 
latter may be associated with a high air con 
centration of beryllium or repeated expos 
ures to lower concentrations, a cumulative 
effect. Further, there is experimental evi 
dence that relative to beryllium oxide the 
physical state of the particles the shape, 
size, refractive index, and presence or ab 
sence of birefringence—may bear a relation 


Unless 


to the intensity of involvement. 
there is an unusually high, intensity of ex 
posure, recovery is the rule. Since over- 
whelming contact has been of infrequent 
occurrence, the amount of pathologie ma 
terial available for study is limited; so far 
as can be determined, biopsies of the acute 
pulmonary lesion have not been made and 


there have been few necropsies. 


Material 


This presentation is based on the study of six 
four patients died in 1943, one in 1947, 
1949 


viously reported by Van Ordstrand and co-work 


necropsies : 


and one in Three of the cases were pre- 
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The Cleveland Clinic Foundation, and The Frank 


E. Bunts Educational Institute. 


ers’ in 1943. There was one complete autopsy, 
including examination of the brains four were 
complete except for the brain, and one was of 
limited extent. In three cases the complete autopsy 
protocols were available for review and adequate 
tissue blocks * were submitted for study. The 
was 10% formaldehyde in all 


necropsies, and in one fixation in Zenker’s fluid 
also was emploved 


tissue fixed in 
The routine hematoxylin and 
eosin stain was used on all sections: the Sudan TV 
stain for lipid was employed on the lung tissue of 
some specimens, as indicated by the histologic ap 


pearance of the lesion with the routine stain, 


Clinical Summary 


The ages of the patients ranged from 11 
to 48 years: five were men and one was a 
woman ; all worked in a beryllium extraction 
plant. The time between exposure and the 
appearance of symptoms was accurately de 
termimable in one patient. This worker had 
removed his mask while cleaning a calcining 
furnace, on two occasions, six days and four 
days, respectively, before his illness began. 
In the other five cases more accurate meas 
urement was not possible because of the 
The 


from the time of 


absence of such a specific incident. 
duration of the disease 
first symptoms to death ranged approxi 
mately from 20 to 50 days. 

The usual symptoms were shortness of 
breath, vague chest pain, nonproductive or 
slightly productive cough, dyspnea, terminal 
fever, and cyanosis. Death was attributable 
to pulmonary embarrassment with or with 
out acute cor pulmonale; extreme dyspnea 
and cyanosis were common terminal fea 
tures, 


* The proctocols and formalin-fixed tissue were 
submitted through the courtesy of Dr. John B 


Donaldson, then at St 
Ohio 


Joseph's Hospital, Lorain, 
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Fig. 1--Gross appearance of lung. Pale areas 


indicate firm consolidation. 


Pathologic Findings 

The lungs revealed the predominant and 
often the only significant change. 

Gross: They were uniformly enlarged, 
retaining their shape after removal from the 
thorax, were of firm, meaty or liver-like 
consistency and varied from 2,350 to 2,800 
gm. in combined weight. The coloration 
was blue-gray or reddish-tan (lig. 1). The 
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thin but with occasional 
patches of fibrin. The sectioned surface had 
little tendency to bulge, was of a color simi- 
lar to the pleural surfaces, and was moist. 


Occasionally there were foci of hemorrhage. 


pleurae were 


Although the tissue was generally of firm 
consistency, it was partly aerated since por- 
tions of the tissue floated in water although 
at a lower level than normal. On close in- 
spection of the lung tissue, scattered small 
areas appeared to be air-containing and 
mildly emphysematous. The bronchial mu- 
cosa was moderately reddened and con- 
gested, The pulmonary lymph nodes were 
somewhat enlarged and moist. 

Microscopic: The pulmonary lesion was 
manifest as a bronchoalveolitis. The bronchi 
revealed congestion and contained variable 
amounts of granular pink-staining coagulum. 
Bronchiolar squamous metaplasia and fibro- 
plasia (bronchiolitis obliterans) were pres- 
ent in one (Fig. 2). The 
parenchymal change was predominantly an 
intra-alveolar process. In five cases the ma- 


specimen 


jor change was the presence of plugs of 
fibroblasts——with some plasma cells, histio- 


cytes, and desquamated epithelial cells 


Fig. 2—Squamous metaplasia of bronehi 
ole and moderate fibrosis (bronchiolitis ob- 


literans). Hematoxylin and eosin; & 125. 
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Fig. 3.—Intra-alveolar fibro- 
plasia with variable amounts of 
inflammatory infiltrate. The 
latter was comprised principally 
of plasma cells. Hematoxylin 
and eosin; 125. 


the 
pneumonitis ) 


lumens 


and 


filling alveolar (organizing 


pink- 


lasses, 


(lig. Granular 


staining coagulum fibrinoid 


often lining alveoli, were usually found 


where there was less fibroplasia. Some 
alveoli contained lipophages, and these were 
Orc 
foci of fresh hemor 


vessels were engorged, 


especially numerous in one specimen. 
casionally there were 
rhage ; Partly clear, 
single or groups of alveoli were found, but 
the bulk of the 


altered alveolar elements. 


tissue was formed by 


alveoli often appeared slightly or moderately 


thickened by an infiltrate of plasma cells 


Hlazard 


The walls of the 


and some lymphocytes, but were frequently 
difficult to delineate marked 


In one 


because of the 
involvement of 
the 
slight but there was a marked deposition of 
fibrinoid material principally 


contiguous alveolt. 


of five, intra-alveolar fibroplasia was 
as deep-red 
staining masses lining the 
The 
by mild fibroplasia in one pair of lungs and 
by 


alveoh (big. 4). 


alveolar walls were thickened in areas 


a marked and general alteration of the 
alveolar lining cells to cuboidal type. 

One of the six pulmonary specimens was 
unique in that there was no fibroplasia, but 
a massive distended alveoli 


filling of by 


hig } Alveol lined by 
tbrinoid membrane; some tibro 
plasia in alveolar walls. Hema 
toxvlin and eosin; 125 
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Fig. 5.—Alveoli filled with 
granular coagulum  (protein- 
aceous edema fluid) with abun- 
dant fibrinoid material in one 
alveolus in lower right; slight 
intra-alveolar cellular infiltrate ; 
patchy inflammatory infiltrate 
of alveolar walls (principally 
plasma cells). Hematoxylin and 


eosin; 125. 


deep-pink-staining, coarsely granular ma- 
terial (protemaceous edema fluid) with in- 
cluded denser, pink-staining fibrinoid masses 
(lig. 5). There was only a sparse cellular 
intra-alveolar infiltrate, and this was formed 
of lymphocytes and neutrophils. The alve- 
olar walls were mildly to moderately thick- 
ened by edema and an infiltration by plasma 
cells and lymphocytes, the latter occurring 
occasionally in groups. In three cases some 
pulmonary vessels were filled with fresh 
clot, and in one there were a few recent 
infarets. 

In no instance was there a preponderance 
of histiocytes or any tubercle-like collections 
of these cells. The lesions were of an acute 
or subacute, nongranulomatous character. 

The liver was of average size or moder- 
ately enlarged; it was of a reddish-brown, 
A 


necrosis Was present in one of the six speci- 


congested appearance. severe central 


mens, and in two there was slight focal 
necrosis. A mild to moderate fatty change 
was evident, as was moderate chronic in- 
flammation in the portal connective tissue. 
Acute congestion was present in slight to 
marked degree. 

In two instances the heart was increased 
in weight to 450 and 575 gm., respectively, 
and showed a mild right ventricular thicken- 
ing, measuring 7 mm. The myocardium was 
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of normal gross appearance. In two of the 
cases the right ventricle showed interstitial 
edema and a focal infiltration by a moderate 
number of 

myocarditis ). 


neutrophils (acute interstitial 

The spleen was of average size, slightly 
enlarged, and showed focal hemorrhages and 
an infiltrate of lymphocytes and plasma cells 
in the red pulp; hemosiderin was present in 
slight to marked amount. 

The brain, examined only at one autopsy, 
revealed mild edema. 


Comment 


The various pathologic changes showed 
no correlation with the apparent duration of 
the disease. Thus, the patient dying with a 
severe pre tteinaceous edema of the lung with- 
out fibroplasia had a similar duration of ill- 
ness (20 days) as did one of the patients 
with a severe organizing pneumonitis. 

Though the changes were striking because 
of their severity, the pulmonary lesion had 
no specific character. A marked edema with 
heavy protein content of the edema fluid 
was like that seen in other forms of acute 
The  intra-alveolar 
fibroplasia simulated that encountered in 
other forms of organizing pneumonitis. The 


chemical pneumonitis, 


fibrinoid membrane coincided in appearance 
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with that found in viral pneumonitis or in 
uremic pneumonitis. 

The incidence of acute interstitial myo- 
carditis was high, but the limited number of 
cases forbids interpretation of significance. 
The necrosis in the liver was of nonspecific 
character. 


Summary 


to beryllium-containing fumes 


of proper concentration produces an acute 
chemical pneumonitis. The pathologic find 
ings in six patients with this disorder are 
reviewed, The pulmonary lesion is manifest 
commonly as an organizing pneumonitis, but 
may be exhibited principally as a severe pul- 
monary edema. 


character and is nongranulomatous. 


It is of acute or subacute 


2020 E. 93d St. 


Hazard 
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The Pathologic Changes of Chronic Beryllium Disease 


H. ROBERT DUDLEY, M.D., Boston 


Chronic beryllium disease has been de- 


fined elsewhere.** Not only anatomic 
changes but abnormal physiologic processes 
have been well studied and are documented 
in this symposium, A recent study of lung 
tissues from 52 cases of chronic beryllium 
beautifully the 


changes and the frequency of the several 


disease details histologic 


different reaction elements found.'! Because 
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such thorough studies have been published, 
there is little need to repeat their findings. 

The observations described below were 
derived from a review of 53 cases of chronic 
beryllium disease in the Beryllium Registry. 
Briefly, the chronic reaction to the offending 
beryllium compound include a nonspecific 
chronic inflammatory infiltration composed 
of lymphocytes, less numerous plasma cells, 
and minimal edema; a circumscribed ac- 
cumulation of mononuclear cells with or 
without accompanying multinucleate giant 
cells (the granuloma), and the presence in 
some of the giant cells of specific inclusions, 
namely, an angular nonstaining birefringent 
crystal, the conchoid or Schauman_ body, 


and the asteroid. None of these elements 


Fig. 1.—Lung: A granuloma sur 
rounded by lymphocytes and plasma 
cells. Note the thickened septa 
even) where granulomas are not 
found. Para-amyloid substance has 
accumulated in the region where 
lymphocytes are densest. Hema 
toxylin and eosin; & 160 


: 
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Fig. 2—Lung: Vesicular emphy- 
sema has vesicles lined by thickened 
walls due to both fibrosis and 
chronic interstitial pneumonitis 
Hematoxylin and eosin; * 20. 


Fig. 3.— Lung: Numerous granu- 
lomas Cactually 1,013 were counted 
ina 2 em” area) are seen. Despite 
their numbers, the granulomas may 
cause less phy siologic damage 
than the accompanying — diffuse 
interstitial pneumonitis. Hematoxs 
lin and eosin: & 20 
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Fig. 4—Lung: Multiple rela- 
tively fresh pulmonary emboli oc- 
clude small peripheral arteries. The 
granulomas and interstitial infiltra- 
tion of lymphocytes and = plasma 
cells have greatly reduced aeration 
in this lung field. Hematoxylin and 
cosin; 20 


individually or collectively is diagnostic of 
chronic beryllium disease. 


studies ! 


Previous have emphasized the 
frequency of granulomas and of the three 
inclusions. The hyalinization of the fibrous 
tissue about granulomas has been discussed 
as one of the ways that the disease may 
heal. 

Perhaps a more practical approach to the 
study of chronic beryllium disease would be 
to ignore the eye-catching granulomas (Tig. 
3) and study the concomitant diffuse inter- 
stitial pneumonitis. As is seen in Figures 


1 and 4, 


thicken the alveolar walls increasing the 


lymphocytes and plasma cells 


distance between alveolar lumen and capil- 
lary The thus 
created is cellular and might therefore be 


lumen. diffusion barrier 
affected by drugs that lead to their removal. 
Lymphocytolytic steroid compounds may act 
to remove these cells as well as to depress 
their further accumulation. The lymphocytic 
and lesser plasma-cell reaction has been 
described by Dr. Byron Waksman in this 
symposium as representing the predicted 
response if the mechanism of chronic bery| 
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lium disease is a delayed sensitivity response. 
Steroid compounds may, therefore, inter- 
rupt the disease mechanism at a remote site. 

The chronic reaction to beryllium) com- 
pounds is similar in each organ involved. 
Whether directly introduced or vessel-born, 
beryllium compounds evoke a lymphocytic, 
plasma-cell, and granulomatous reaction in 
the skin, liver, kidney, lymph nodes, and 
skeletal muscle. The myocardium, spleen, 
and pleura may be involved.4 

Since the most important route of entry 
of beryllium into the body is by inhalation 
and since the beryllium compounds being 
used industrially are so poorly soluble, the 
lungs are most frequently and seriously af 
fected. The chronic active disease may yield 
to a chronic more indolent state; the transi 
tion is often marked by the development 
of fibrosis and of vesicular emphysema with 
persistence of lymphocytes in the walls de 
fining the vesicles (Tig. 2). 

In addition to the occasional endarteritic 
changes seen in the involved lungs, pul- 
monary emboli are frequent. Approximately 


25 of the cases reviewed from the Beryl- 
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lium Registry had small emboli in peripheral 
vessels (Fig. 4). Pulmonary emboli are a 
hazard for any debilitated sedentary patient 
and would be expected to increase in fre- 
quency if one adds polycythemia, due to 
chronic anoxia, to their other problems. 
Showers of small emboli from leg veins 
might be expected to produce episodic ex 
acerbations in their respiratory difficulties. 


Summary and Conclusions 

Chronic beryllium disease may occur in 
many tissues, including the lungs, lymph 
nodes, liver, spleen, kidney, myocardium, 
skin, skeletal muscle, and pleura. 

The chronic reaction includes not only 
granulomas with or without birefringent 
crystals, conchoid bodies, and asteroids, but 
also a variable infiltration of lymphocytes 
and plasma cells. The latter may be respon 
sible for many of the symptoms. 


Dudley 


DISEASE 


The tissue response may represent a de- 


layed sensitivity reaction and as such is not 
specific for beryllium disease. 

Frequent pulmonary emboli occur and 
may be related to debilitation, inactivity, and 
polycythemia. 

Massachusetts General Hospital, Fruit St 

REFERENCES 


1, Williams, W. J.: A Histological Study of the 
Lungs in 52 Cases of Chronic Beryllium Disease, 
Brit. J. Indust. Med. 15:84-91, 1958 

2. DeNardi, J. M.; Van Ordstrand, H. S.; 
Curtis, G. H., and Zielinski, J.: Berylliosis: Sum 
mary and Survey of All Clinical Types Observed 
in a 12-Year Period, A. M. A. Arch. Indust. Hyg 
8:1, 1953. 

3. Hardy, H. L 


acter, 


Epidemiology, Clinical Char 
and Treatment of 
Progress Report, A. M. A 
11 :273-279, 1955. 

4+. Hardy, H. L.: Differential Diagnosis Between 
Am 


Poisoning 


Health 


Beryllium 


Arch. Indust 


Poisoning and Rey 


74:885-896, 1956 


Beryllium Sarcoidosis, 


‘Tubert 


105/187 


i 


Pathologic Changes of Beryllium Disease 


Discussion of Papers by Drs. Hazard and Dudley 


DAVID G. FREIMAN, M.D., Boston 


One of the problems in differential diag- 
nosis discussed at some length today has 
been that of distinguishing between sar- 
coidosis and berylhiosis. The pathologist 1s 
partly responsible for the confusion here, 
because, in describing the granulomas which, 
as Dr, Robert Dudley has pointed out, are 
very eye-catching, the tendency has been to 
stress this feature over others equally. sig- 
nificant, 

rom the pathological point of view, the 
body can react in only a limited number of 
ways. It is true that there are many per- 
mutations and combinations of these types 
of reaction, but, in spite of this, a great 
many disease entities are readily confused 
on superficial examination, It is known, for 
example, that the sarcoid reaction, which is 
the type of granulomatous reaction seen in 
sarcoidosis as well as in many beryllium 
cases, seems to be inducible by numerous 
different and apparently unrelated agents, 
including silica, tubercle bacilli, viruses, 
fungi, and animal parasites, in addition to 
beryllium. Nor is the sarcoid reaction the 
only example of a type reaction in pathology. 
Abscesses, which consist: primarily of neu- 
trophils, can be induced by a number of 
different etiologic agents and yet present 
pathologically similar appearances, 

When classifications are made, it 1s cus- 
tomary to make use of two criteria. One is 
based on similarities which give rise to 
generic classifications, and it is these that 
have so often been stressed in studies of 
the granulomatous diseases. — Differences 
within the groups, on the other hand, result 
in species subelassification, and such varia 
tions are of particular interest to the clini- 
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can concerned with making etiologic 
distinctions, 

In a recent paper published in the Ameri: 
can Review of Tuberculosis,’ Dr, Hardy 
pointed out many of the similarities between 
berylhosis and sarcoidosis, At the same time 
he pointed up some of the differences. If at- 
tention 1s focused on these differences, it is 
apparent that many cases of interstitial 
pheumonitis associated with exposure 
to beryllium present a picture somewhat at 
variance with that found in the usual case 
of pulmonary sarcoidosis. Dr, Dudley has 
stressed an interstitial inflammatory reaction 
which is a prominent feature of many 
cases Of beryllium pneumonitis. In 
many sarcoidosis cases, on the other hand, 
the reaction consists of sharply defined 
granulomas separated by remarkably normal 
parenchyma, and it is not surprising, there- 
fore, that a patient with sarcoidosis may 
have a great many such lesions in his lung 
and yet be comparatively comfortable. Per- 
haps Dr. Edward Gaensler’s studies do not 
bear out the interpretation that these inter- 
vening areas are completely uninvolved, but 
they are at least not obviously inflamed. 
The changes of compensatory emphysema 
between areas of granuloma formation may 
contribute to the abnormality in pulmonary 
function. In the end-stages of the disease, 
when the lesions fibrose and there is less 
and less functioning parenchyma pres 
ent, the patient may experience serious re- 
spiratory difficulty such as is seen much 
earlier in berylliosis. 

It is of course possible to find well- 
authenticated cases of sarcoidosis in which 
pulmonary biopsy reveals considerable in 
terstitial 


inflammation, Conversely, there 


are cases in the Beryllium Registry in which 


a 
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there has been exposure to beryllium, and 
vet the picture in the lung looks like typical 
sarcoidosis, Most pathologists will probably 
agree that there are instances in which it is 
almost impossible to distinguish between the 
two diseases histologically, This is not nee 
essarily a contradiction, however, because 
whenever a spectrum of changes is involved, 
as appears to be the case here, points of 
overlap must be expected. It has been stated 
many times that the sareoid lesion is not 
pathognomonic, although the fact that it is 
associated with such widely different. eti 
ologic agents suggests that some common 
underlying disease mechanism, possibly im 
the ab 
sence of pertinent clinical data and other 


munological, may be involved. In 


information necessary in making specific di 
agnosis, however, the pathologist can go no 
further without the use of special tech 
niques, 

The figure illustrates how difficult) and 
how interesting this particular problem can 
be. This appears to be a familiar-looking 
picture with granulomas and interstitial in 
flammation. great 


many pathologists 


would no doubt agree that this is either a 


retman 


Section from case of 


“farmer's ling’; & 


Case of berylliosis or sarcoidosis, Actually, 


it is neither, It is a section from a case of 
so-called “farmer's lung,” such as has been 
reported from Wisconsin and neighboring 
areas by Dr. R. C. Frank * and for which | 
Harold Conlon of the 
Luther Hospital in Hau Claire, Wis. These 


am indebted to Dr, 


patients, when exposed to hay and dry 
feed in’ barns, undergo exacerbations of 
their disease and become genuine respiratory 
cripples. The nueroscopie appearance of the 
lung resembles in a great many respects, 
and in fields of this sort appears identical, 
with the changes that occur in the lung in 
berviliosis. As must be evident, it can be 
very difficult, on histological grounds alone, 
to draw conclusions with respect to the 
etiologic agent responsible for this disease 
pattern, 
Beth Israel Hospital 
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Pathologic Changes Induced by Beryllium Compounds 


Experimental Studies 


ARTHUR J. VORWALD, Ph.D., M.D., and ANDREW L. REEVES, M.S., Detroit 


The pathologic changes in beryllium dis- 
ease as observed by experimental studies 
may be considered under two main cate- 
gories, namely, the tissue response provoked 
by certain compounds of beryllium and, 
perhaps more important, the basic mecha- 
nisms whereby that response is accom- 


plished. 


Tissue Response 

With respect to the first category, it seems 
important for purposes of immediate refer- 
ence to present brietly the tissue changes of 
beryllium disease as observed in the lungs 
of human subjects. That disease is essenti- 
ally a diffuse pneumonitis, which may be 
acute or chromic and which frequently in- 
duces a series of cardiopulmonary abnor- 
malities and constitutional effects. The acute 
disease, in its pure form, is characterized by 
the presence of interstitial, alveolar, and 
bronchiolar exudate, which is frequently ac 
companied by fibrinoid and proliferative 
changes. That histopathology bears no gross 
or microscopic features of a definitive eti 
ology. 

In contrast, the chromic form of beryllium 
pneumonitis exhibits certain tissue changes 
which permit a fairly reliable differentiation 
from other chronic disease entities that af- 
flict the lung of human subjects. The his 
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topathologic differentiation becomes more 
definitive when associated with a history of 
inhalation exposure to aerosols of beryllium 
compounds, the presence of characteristic 
clinical findings, and the demonstration of 
beryllium in the dasically, the 
chronic pneumonitis is characterized by focal 
lesions which are widely dispersed through- 
out the pulmonary parenchyma. The lesions 
are usually irregular and disclose a dense 
central core of proliferated histiocytes with 
scattered lymphocytes and plasmacytes en- 
meshed in a fine network of reticulum, An 
occasional lesion may contain one or more 


tissues. 


multinucleated giant cells. Inclusion bodies, 
together with granules and crystals of ma 
terial, may be seen in some lesions. Col- 
lagenous and fibrotic changes are irregular 
features. They may be conspicuous in the 
mature lesion but without forming any con- 
sistent histologic pattern, Necrosis and cal 
cification The 


pulmonary parenchyma between the lesions 


are seldom encountered. 
usually discloses a profound inflammatory 
reaction which, except for its diffuse charac 
ter, reveals many of the histologic features 
of the more focal lesions, Accordingly, the 
alveolar walls are irregularly thickened, and 
the respective air spaces are pre yportionately 
distorted, often being extremely small and 
sometimes obliterated. Anatomical emphy- 
sema is usually inconspicuous, but it may be 
found in association with advanced beryl 
lium disease, particularly where collagenous 
and fibrotic changes have ensued. The in- 
trapulmonary vascular channels disclose no 
constant abnormalities other than the ob- 
literative phenomena which attend periar 
teritis within areas of 
chronic inflammation, The bronchiolar epi 


and endarteritis 


| 
al 
AL 


thelium is frequently hyperplastic and oc- 
casionally metaplastic. Sometimes the 
adjacent alveolar spaces are partially or 
completely invested with a single or multiple 
layer of hyperchromatic epithelial cells. 

In view of the chronic pulmonary pa- 
thology of beryllium disease in human sub- 
jects, It is appropriate to discuss immediately 
the tissue changes which occur in the lungs 
of experimental animals that have been 
subjected to the pulmonary deposition of 
Studies of 
numerous 


certain’ beryllium compounds. 
kind 


often extremely complex, because of the 


this are indeed very and 
variety of techniques employed in) many 
animals of different species and strains. lor 
purposes of brevity, this part of the discus- 
sion will be limited to only a few personal 
observations selected from two experimental 
which involved a series of 


studies young 


albino rats of the Sherman strain. These 
rats had been challenged by a_ beryllium 
compound administered either by the intra 
tracheal injection or by the inhalation tech 
nique, 
Techniques —1. Intracheal injection was accomp- 


lished by giving three injections, at weekly in- 


tervals, each of which consisted of 0.25 ml. of 


sterile physiologic saline containing the desired 


compound. For comparative purposes, one or the 
other of two compounds was used, namely, the 
relatively insoluble beryllium oxide in an amount 
per injection equivalent to 45 mg. of Be; the 
soluble beryllium sulfate in an amount per injection 
In the latter, the 
notably small amount of the compound was neces 


equivalent to 0.1071 mg. of Be 


sary to avoid the acute pulmonary effects caused 
by Iugh concentrations of tonic beryllium 

2. The inhalation technique invloved the exposure 
of animals, for six hours daily, tive days a week, 
to one or the other of two beryllium compounds 
disseminated as an aerosol under controlled con 
ditions into the atmosphere of the exposure cham 


The 


compound per cubic meter of 


hers aerosol concentration of the selected 
chamber air 
sulfate 0.6427) mx 
anhydrous BeSO, or 0.0547 me. of Be: bervilium 


oxide particulates, 0.048 mg. BeO or 0.006 me. of 


Was 


as follows: beryllium mist, 


Be 
3. The rats died or were killed at intervals of 
time after their first contact with the beryllium 


compound, In general, the interval was deliberately 


prolonged in order to study the chronic tissue 


changes possibly provoked by the compound. Ac 


cordingly, every effort was made to maintain at 
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least some animals for a time that would approxi- 
mate their natural life span. At autopsy, the major 
organs, especially the lung, were examined grossly, 
and portions of each were prepared for subsequent 
microscopic study of the histopathology. 

In general, the tissue changes provoked 
by the administered beryllium compound 
differed somewhat according to the experi 
The 


tracheal injection, although advantageous for 


mental techniques employed. intra 
immediately delivering a definite amount of 
the compound to the lung, usually produced 
an unavoidably high local concentration of 
that agent in the lower lobes of the lung. 
Such concentration caused an extensive con 
fluent which 


inflammation frequently in 


volved large segments, if not the major 
portion, of a lobe. In contrast, the imhala 
tion technique, in spite of the technical dit 
ficulties that attended the maintenance of the 
rats for long periods of exposure, permit 
ted the aerosol to be deposited gradually 
and uniformly throughout the lung. Con 
sequently, the resultant pulmonary lesions 
were usually focal and randomly scattered. 
except for those differences, the techniques 
disclosed that each beryllium compound had 
the biologic capacity to produce two basic 
tissue changes, one being inflammatory and 
the other neoplastic, 

The initial inflammatory change was char 
acterized by a diffuse accumulation of seat 
tered histiocytes, lymphocytes, and plasma 
cells. Later, in consort with the intensity 
and duration of the beryllium challenge, the 
cells became more compact to form focal 
lesions with a preponderance of histiocytes 
(Fig. 1). Multinucleated giant cells 
curred many lesions. Some disclosed the 
presence of elongated cleft-like spaces, and 
an oceastonal one contamed a poorly detined 
inclusion body. The cellular intlammation 
often extended into the neighboring paren 
chymal tissue, where it thickened the alveolar 
walls and distorted the respective alveolar 
spaces. Ultimately, with increasing maturity 
of the inflammation, many lesions exhibited 
The 


bore 


diffuse collagenous and fibrotic changes 


experimental pulmonary pathology 


many resemblances to the chrome imtlam 


matory lesions of beryllium disease as seen 
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in the lung of human subjects. There were 


some differences, however, especially as re 
lated to the paucity of the experimentally 
produced inflammatory lesions and to. the 
limited parenchymal involvement. This pre 
_ vailed primarily in the lungs of those rats 
which had inhaled the beryllium compound. 

The neoplastic changes, first in the form 
of epithelial proliferation and later as cancer, 
constitute a striking feature of the experi 
mental pulmonary response of the albino 
rat to beryllium compounds.’ Under condi 
tions of the experiments reported here, the 
proliferative process became clearly evident 
one month after completion of the intra- 
tracheal injection and particularly at six 
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Fig. chronic 
beryllium lesion the 
lung of a rat that had 
been exposed to the in 
halation of beryllium sul 
fate aerosol for 365 days 
Hematoxylin and eosin; 
reduced about from 
mag. & 350 


months after daily inhalation. With increas 
ing duration and intensity of exposure, the 
alveolar spaces, about many respiratory 
bronchioles and within areas of inflamma- 
tion, exhibited a partial or complete lining 
of cuboidal and low columnar epithelial cells 
(Fig. 2). The 
ciliated, thus supporting the view that they 
originated from the mucosa of an air pass 
age. The revealed 
gradual progression to form multilayers of 


latter were occasionally 


proliferative process 
very hyperchromatic cells, which were ir- 
regular in size and shape. Primary  pul- 
monary cancer appeared as early as eight 
months after completion of the intratracheal 
injections. — It nine 


also appeared after 
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Fig. 2—The epithelial 
investment of alveolar 
spaces adjacent to a bron 
chiole in the lung of a 
rat that had been exposed 
to the inhalation of beryl 
lium sulfate aerosol for 
365) days. Hematoxylin 
and eosin; reduced about 
lg from mag. * 350 


The 


formed either single or multifocal tumors, 


months of daily inhalation. 
which were often located about a bronchiole 
or a small bronchus of the second order and 
which frequently occupied large portions of 
the lung. The histologic pattern of the can 
cer was usually adenomatous (lig. 3). 


However, epidermoid and squamous-cell 
cancers with pearl formation also developed 
either in pure form or as.components of a 
more adenomatous tumor (lig. 4). In 
filtrative, vascular, and lymphogenous ex 
tensions frequently occurred with secondary 
metastatic growth the tracheobronchial 
lymph nodes, the mediastinal connective tis 


sue, the parietal pleura, and the diaphragm. 
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Primary and serial homotransplants have 
been routinely accomplished. 


Basic Mechanisms 
The experimental studies in this regard 
were undertaken in an attempt to ascertain 
the manner in which the beryllium ion might 
complex with components of tissue fluids 
had two 
main Objectives, namely, the state of beryl 


Accordingly, the investigations 
lium in blood plasma and the influence of 
beryllium on certain biochemical components 
of the cell, 
State of Beryllium in Blood Plasma 
With respect to the first objective, it is 


generally recognized that beryllium forms 
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insoluble compounds at the buffered pH of 
the body fluids and tends to combine with 


available anions to form colloidal precipi- 
tates. This phenomenon applies to blood 
plasma as well as to the interstitial fluids, 
and it may have significance concerning the 
localization of beryllium in the cell, as well 
as in its transport in the blood and lymph. 
Previous evidence suggested that plasma 
proteins might be involved in the formation 
of colloidal beryllium, In order to further 
investigate these mechanisms, in vitro stud- 
ies were conducted with human serum and 
a protem-free “artificial serum.” The latter 
was so compounded that all physical and 
characteristics of human 


chemical serum 
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were reasonably duplicated without the pres- 
ence of protein. 

Techniques.—1. The composition of the “artificial 
serum” was 70 mi. solution, 10 ml. 
Sorensen’s phosphate buffer, and 20 ml. glycerol. 
A comparison of the physical and chemical char- 


Ringers 


acteristics of the human and the artificial serum 
may be shown as follows: 


Natural Artificial 
Butfer pH 7.35 
Special gravity 1.04 1.06 
Protein content 5 em. % 0 
Glycerol content 0 20 gm. % 


Inorganic P content 3meg. % 99mg. % 


2. Incubation for 24 hours at 37 C was carried 


out with samples containing 10 ml. of the human 
or of the artificial sera to which a beryllium sulfate 


Kig. 3.—The adenocar- 
cinomatous pattern of the 
primary pulmonary tumor 
in a rat that had been 
exposed for 540 days to 
the inhalation of  beryl- 
lium sulfate aerosol. 
Hematoxylin and eosin; 
reduced about % from 
mag. 200. 
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solution, containing 17.71 mg. beryllium sulfate 
tetrahydrate per 10 ml. of distilled water, was 
added in amounts of 0.01, 0.10, and 1.00 ml. 
respectively. 

3. Ultracentrifugation at 110,000) ¢ for five 
hours was carried out in 10-ml. plastic tubes. A fter 
the completed run, the top 3.0 ml. of each tube 
was withdrawn by means of a syringe and labeled 
the “top fraction.” The next 6 ml. was called the 
“medium fraction.” Of the remainder, the fluid 
phase was decanted and called the “bottom frac- 
tion”; the solid phase was removed mechanically 
and designated the “precipitate.” 

4. Analytical determinations were carried out as 
follows: the beryllium content by spectrographic 
methods *; the phosphorus content according to the 
method of Fiske and Subbarow,* and the proteim 


content according to Folin and Lowry.‘ 


Fig. 4—Squamous-cell 
carcinoma with pearl for 
mation in the lung of a 
rat that had been exposed 
to the inhalation of beryl- 


lium sulfate aerosol for 
540 days. Hematoxylin 
eosin; reduced about % 


from mag. & 200. 
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These studies did not confirm the hypoth- 
esis that beryllium formed a complex with 
serum proteins at body pH, but they did 
reveal a definite and concentration-dependent 
association of beryllium with the inorganic 
anions of the sera, suggesting a colloidal 
precipitation of beryllium hydroxides and 
phosphates. Although the complete signifi- 
cance of these findings is not fully under- 
stood at this time, they do indicate clearly 
the manner in which a very soluble beryl 
lium compound, such as the sulfate, may 
remain in the lung long after its initial 
Studies this have 


deposition, regard 


demonstrated that, after a single intratra 


ag” 
vel 


113/195 


df 
AN 


A. 


cheal injection of dissolved beryllium sul- 


fate, as much as one-half of the beryllium 
remained in the lung for at least a period 
of 60 days. Thus, soluble beryllium can 
maintain its ability to exert a toxic effect 
for a much longer period of time than might 
be predicted on the basis of solubility alone. 

In view of the demonstrated carcinogenic 
action of the beryllium compounds the 
lungs of experimental animals, attention 
was directed to the enzyme and nucleic acid 
constituents of the cell, It is generally ree- 
ognized that these play an important role 
in cellular metabolism, growth, and repro- 
duction, 


A survey of the recorded behavior of 
beryllium compounds in the enzymatic field 
(Table 1) shows more than one specific ef- 
feet, and several of these may have impor- 
tant implications metabolic mechanisms. 
Ixspectally noteworthy is the fact that some 
enzyme activities, affected by beryllium, are 
known to be altered in many hosts bearing 
cancer which has been induced by agents 
other than beryllium. The 
ribonuclease (RNase) and desoxyribonu- 


nucleotidases, 


clease (DNase), as well as hyaluronidase, 
are regularly implicated most types of 
caneer, Serum alkaline phosphatase activity 
in cancer bearing hosts is altered so regu- 
larly that suggestions have been made to 
utilize the phenomenon for diagnostic pur- 
poses. However, there are too many excep 
tions which invalidate its absolute diagnostic 
significanee, In any case, beryllium is an 
extremely potent inhibitor of that enzyme, 
indeed one of the most potent vet studied. 
It is active at concentration levels as low 
as 10-*M.*? 


beryllium on succinoxidase * is interesting in 


The enhancing activity of 


view of the increased levels of that enzyme 
discovered certain experimental tumors 
induced by some carcinogens other than 
beryllium, as, for example, 3-methylcholan- 
threne in rat hepatomas.® The activation of 
adenosinetriphosphatase (ATPase) and the 
inhibition of phosphoglucomutase by beryl- 


lium 


may have important effects on gly- 
colysis. No effect of beryllium was observed 
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TasLe 1.—kffect of Berylluum on Certain Enzymes 


Inhibited Unaffected Activated 

Alkaline 
phosphatase 

Phosphogluco- 
mutase 

Hyaluronidase 

R Nase 

I) Nase 


Carbonic AT Pase 
anhydrase 
Cytochrome 
oxidase 
Arginase 
Carboxylase 
Uricase 


Succinoxidase 


on some other enzymes,'! such those 


listed in the middle column of Table 1. 


Influence of Beryllium on Certain Biochemical 
Components of the Cell 


Studies of the nucleic acids, ribonucleic 
acid (RNA) and desoxyribonucleic acid 
(DNA), were carried out within the frame 
work of a series of experiments in which 
young male albino rats of the Sherman 
strain received three intratracheal injections 
of a beryllium oxide suspension, Subse 
quently, at intervals up to one year, certain 
aspects of their pulmonary chemistry were 
compared with that of a group of rats, each 
of which had received a saline placebo in 
an identical manner. Cell fractionation was 
performed in the conventional way, involv- 
ing im sift perfusion, homogenization, and 
The 
fractions were analyzed for protein, lipid, 


RNA, and DNA. 


Techniques.—1. 


? 


differential centrifugation at +3 


Injection of animals) ac- 


complished by the intratracheal technique: each 
test rat received three weekly doses of 0.2 ml. of 
sterile physiologic saline containing BeQO an 
amount per injection equivalent to 3.6 mg. Be; 
each control rat received identical doses of saline 
alone. 

2. The 


ethanol 


killed 


anesthesia. 


during tribromo 


The 


perfused with chilled physiologic saline through the 


animals 
( Avertin) 


were 
lungs were 


abdominal vena cava and drained through the 
aorta, after ligation of the jugular veins. Per- 
fusion was enhanced by mild digital massage of 
the pulmonary lobes, and this continued until they 
were visually free of blood. The lungs were then 
quickly excised, processed through a plastic pulper, 
and finally homogenized in 6 vol. of 0.25 M sucrose 
in a Potter-Elvehjem-type homogenizer ; 70 strokes 
were found to be adequate to break up most cells 
without seriously affecting the nuclei. 

3. Tissue fractionation carried out in a 
refrigerated centrifuge: 2,000 ¢ for 10 minutes 


Was 
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BERYLLIUM-INDUCED PATHOLOGIC CHANGES 


TABLE 2.—Cytochemical Action of Beryllium Oxtde on Pulmonary Tissue: 
Effect on Distribution of Protein and Lipid * 


Protein Lipid 
Controls Tests Controls Tests 
Schneider-Hogeboom - 
Fraction Range Mean Range Mean Range Mean Range Mean 
Nuclei... 13-20 i7 13-30 23 12-27 16 13-26 
Mitochondria... 9-12 ll S-15 12 0-27 13 5-15 11 
Microsomes 14-17 15 24-31 Pri 15-36 25 25-30 26 
Supernatant 61 32-48 38 31-2 46 38-50 43 


* All figures are per cent of total. Means are weighted according to number of animals processed in each experiment. Animals: male 
albino rats of Sherman strain. 

Number of animals processed: 15 controls, 15 tests, in 4 groups each. 

Test animals received 30 mg. BeO (11 mg. Be) in three equal weekly doses as a 5°) saline suspension administered intratracheally 
Control animals received saline placebos in identical volume and manner, Animals were killed 6-18 months after last injection. 


yielded the nuclear fraction; this was followed nuclear and mitochondrial protein distribu 
by spinning the supernatant at 8000 ¢ for 20 


tion between the control and the beryllium 
minutes, vielding the mitochondrial fraction: the 
: test rats. In the latter, however, the 
second supernatant was centrifuged at 24,000) ¢ 
for four hours. The solid phase of the last spinning microsomal protem appeared to be almost 
was designated “microsomes” and the liquid phase, doubled. A) comparative decrease in’ pro 
“soluble supernatant.” All fractions except the — teins of the soluble supernatant fraction was 
last two were washed twice with 1 vol. 0.25 Malco quite apparent, These findings suggest 
sucrose, 
that the cytoplasmic proteins, under the in 
4. cell fraction thus obtained was submitted lubl 
to the chemical fractionation procedure of Schmidt fluence of beryllium, changed from a solubk 
and) Thannhauser.* Lipid was estimated by the to an insoluble form. The lipid distribution 
combined weights of four subsequent aleohol-ether appeared to be less consistently affected. 
extractions of the trichloroacetic acid precipitates : . . 
‘al re concerning the intracel 
Protein was assayed by the method of Folin and Analytic sults 
Lowry as well as by the Kjeldahl method for — lular distribution of nucleic acids in the con 
total nitrogen. The nucleic acids were fractionated trol and beryllium rats disclosed significant 
by alkali digestion and determined as phosphorus changes in the RNA distribution between 
according to the method of Fiske and Subbarow.* ; 
the microsomal and the soluble supernatant 
processed batches consisted of three pooled : 
lungs of the control and test animals, respectively cell fraction, The conspicuous drop in the 
The analytical data pertaining to these microsomal RNA, from 40 to 22 of the 
studies are recorded in Tables 2 and 3. The — total value, was accompanied by a compara 


results reveal no significant change in the — ble rise in the RNA content of the super 


Taste 3.—C ylochemteal Action of Beryllium Oxtde on Pulmonary Tissn 
L-ffect on Distribution of Nuclete Actds * 


RNA DNA 
Controls lests Controls ‘Tests 
Schneider-Hogeboom 
Fraction Range Mean Kange Mean Range Mean Kange Mean 
Nuclei. 13-20 1s 7-23 #2 62 
Mitochondria 27-39 32 20 23 7-26 21 
Microsomes 19-25 22 6 69 7 
Supernatant. 2-2) 10 37-49 1 2-12 5-15 10 


Footnotes to Table 2 also apply to this tab 
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natant. This distribution suggests that 
KNA, under the influence of beryllium, 
tends to behave in a manner opposite to that 
of protein and moves from the particulate 
toward a nonparticulate state. The DNA 
content of the cell fractions showed no ap- 
preciable change in this experiment. 

The true value of these findings, in the 
study of the pathogenesis of chronic beryl- 
lium pneumonitis and of the experimentally 
produced beryllium cancer, is hard to assess. 
Whether factors of enzyme inhibition or 
enzyme activation play any part is an open 
problem, It may be interesting to recall, 
however, that beryllium was found to in- 
hibit the action of the enzyme KNase and 
that alkaline phosphatase may also have 
implications in microsomal protein synthe- 
sis, It appears from our results that the 
action of beryllium consists of altering—or 
in view of the ensuing chronic pneumonitis 
and of cancer, even of damaging—the KNA 
protein synthesis mechanisms. If that is the 
case, it may not be too far-fetched to 
theorize that amino acids, subsequently 
regulated by the altered mechanism are com- 
bined into a protein which is different from 
the normal and which plays an important 
role in the pathologic changes induced by 
beryllium compounds, 


Summary and Conclusions 


The changes induced by beryllium com 
pounds are considered from two pots of 
view, namely, the pulmonary tissue response 
provoked by beryllium oxide and beryllium 
sulfate in albino rats and the mechanism 
possibly involved in that response. 

With respect to the tissue response, the 
compounds, either on intratracheal injection 
or on inhalation, have the capacity to induce 
chrome beryllium pneumonitis which resem 
bles, in many respects, the pulmonary dis 
ease in human subjects. In addition, those 
compounds induce epithelial proliferation 
and primary pulmonary cancer in the ex- 
posed rats. 

In regard to the mechanism, the studies 
reveal the following: 
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(a) The soluble beryllium compound, 
beryllium sulfate, in human and “artificial” 
sera forms an insoluble precipitate, sug- 
gestive of beryllium hydroxide phos- 
phate. 

(b) The effeets of beryllium compounds 
on enzyme systems are quite specific, and 
several of these may have important implica- 
tions in metabolic processes, 

(c) Within the cell, beryllium oxide has 
an appreciable effect on the cytoplasmic pro- 
teins and alters the RNA distribution, but 
has no demonstrable influence on DNA and 
the lipids, 
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Direct Medical Controls in 


JOHN F. ZIELINSKI, M.D., Cleveland 


The scope and line of effort in the direct 
medical controls as currently practiced in 
the basic beryllium industry are based on 
the existence of two distinct problems, each 
having two phases. The prime problem ex 
ists in the respiratory system ; the secondary, 
in the dermal system. ‘The principal effort 
in the medical control program is the pre- 
vention of industrial exposure of any person 
who may represent an undesirable respira- 
tory system risk, The dermal problem. is 
largely confined to the chemical phase of 
beryllium production. 

Initially, it must be firmly appreciated that 
the primary responsibility occupational 
disease control rests with management and 
its engineering staff. The physician recog- 
nizes occupational medical problems, reduces 
probabilities, and informs management of 


the efficiency of the engineering staff efforts. 


Immediate or ‘Acute’? Occupational 
Disease Potentials 


Acute beryllium disease) may involve 
either the dermal or the respiratory system. 
The acute respiratory occupational disease 
ranges from a rhinitis to a pneumonitis, 
depending on the degree, duration, and com- 
pound type of exposure in the form. of 
mists, fumes, and/or dusts of the soluble 
compounds of beryllium. The fluorie com- 
pounds are dominantly causal, although all 
the soluble compounds have been involved 
at one time or another. Thus far the acute 
disease has not been experienced the 
high-purity metal program. 

The rhinopharyngitis phase usually re 
solves itself rapidly and spontaneously after 
temporary, complete removal from the exog- 

Accepted for publication Oct. 30, 1958. 

Medical Director, The Brush Beryllium Com 


pany. 
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enous factors. The tracheobronchitis phase 
necessitates a longer period of temporary, 
complete removal. The pneumonitis stage 1s 
impressive in that it involves respiratory 
distress and anoxemia resulting from pul- 
monary edema. 

In the dermal system there is first. the 
possibility of contact dermatitis. This has 
not been experienced in this plant with the 
handling of, or exposure to, the oxide or the 
alloys, even in finely divided) form. An 
abrasive reaction caused by repetitive friec- 
tion has infrequently been noted, but not a 
true dermatitis. Neither has it been exper- 
ienced with the handling of, nor exposure 
to, the high-purity metal. Prior to this re 
finement, the metal had contained apprecia- 
ble amounts of unreduced beryllium tluoride. 
In hammer-milling the lump metal, the hy- 
groscopic fluoride salts adhered to and 
cumulated on the equipment, resulting in 
cases of dermatitis. As with the oxide and 
alloys, the finely divided form of the pure 
metal has caused an abrasive reaction after 
repeated friction, 

Contact dermatitis is a major problem, 
however, with the fluoric compounds of 
beryllium. The sulfate and the chloride 
compounds can be causal but to a definitely 
slighter degree as to incidence and severity. 
The nitrate salt has caused a yellowish-tan 
discoloration of the skin, resembling nico- 
tine staining, but actual lesions have not been 
observed, The incidence of exposure to the 
nitrate salts has been infrequent commer- 
cially and confined to a very small group of 
production personnel, Dermatitis — from 
handling or being exposed to the hydroxide 
compound has not been observed to date. 
Vesiculation has been observed only with 
the fluorie compounds. 

The second type of reaction, “allergic” 
dermatitis, has not been experienced with 
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MEDICAL CONTROLS 
the handling of, or exposure to, the high- 
purity metal, the oxide, the hydroxide, or 
the alloys, even in finely divided form, All 
cases in the plant have occurred within 6 to 
15 days after initial exposure to the fluoric 
compounds of beryllium. This syndrome ex- 
presses itself in the sudden onset of intense 
dermal erythema with varying degrees of 
edema, usually only on the normally ex- 
posed areas of the face and neck, with 
superimposed discrete and contluent lesions 
of macular, papular, and/or vesicular type. 
Bilateral palpebral edema, in varying de 
gree, is a constant feature. Conjunctivitis, 
if present, is minimal in contrast. Pruritus 
is an intense, subjective symptom. 

Chemical ulcer is the third type of reac 
tion observed, This is usually the result of 
neglected, superficial lacerations or abrasions 
contaminated with the tluoric compounds of 
beryllium. The sulfate compound can also 
be causal, but incidence and severity are of 
a lesser degree. 

The ulcer takes the form of an open lesion 
of the skin presenting a sloughing, irregular 
surface and seanty thin serous discharge. 
The edges are well defined and slightly cle 
vated, showing hyperemia with areolar 
extension of varying degree. Pain is promi 
nent when the lesion is present over points 
of flexion, extension, or bony structure. 

The necrotic granuloma is another type 
of lesion resulting from inadequate cleans 
ing of puncture wounds or deeper minor 
lacerations, The implanted fluoric or sul 
fate salts are causal. In this case the lesion 
grossly resembles a soft clavus. It is well 
defined, with a smooth healing surface that 
occasionally presents a dimpled center. The 
edges are raised, firm, and relatively dense, 
with little or no hyperemia. The bulk of the 
lesion extends rather deeply and is well de 


fined, with a fibrous resistance. 


Latent or “Chronic” Occupational 
Disease Potentials 
This study covers. the period from June 
1, 1941, to the present. Although the cor 
poration’s history of beryllium exposures 


Zielinski 


BERYLLIUM INDUSTRY 


dates back to 1935, no accurate, adequate 
data are available on personnel employed 
prior to June 1, 1941. Fortunately, how 
ever, basic data were available in all of the 
certified cases of pulmonary granulomatosis 
attributed to beryllium exposures. After it 
became apparent that there was often a de 
lay in the 


appearance of symptoms, a 


“modern” era of industrial hygiene was 


instituted and was considered to be com 
plete in the operational cycles as of Jan. 1, 
1949, 
therefore, cover the period prior to Jan. 


1, 1949, 


In the “premodern” era, there were more 


References to a “premodern” era, 


than 2,000 employees exposed to beryllium 
by inhalation undetermined quantities, 
which, by comparison with “modern” era 
observations, data, and standards, were defi 
nitely of great magnitude. [Exposure to 
specific forms of beryllium cannot be dif 
ferentiated, since 


cross contamination ex 


isted in the plant. There are 23 cases of 
beryllium disease on the roster, 21 certified 
and 2 that are probable-—-12 women and 11 
men. All 23 cases occurred in personnel em 
ployed sometime in the period from 1940 
to 1948, 

A majority group of 19 cases consisted 
of personnel employed in areas considered 
to be constantly contaminated. The minimal 
number of exposure hours, under these con 


1054. A 


minority of four cases had longer periods 


ditions, was 56: the maximum, 
of employment but in areas considered to be 
“clean.” Periodically, two persons had rea 
\ time 
extrapolation indicates exposure hours of 


son to enter “contaminated” areas 
less than the maximum and more than the 
minimum experienced in the majority group. 

The diagnosis, based on clinical, roentgen, 
and histopathologic studies, showed) great 
variation in the latent period prior to the 
appearance of symptoms. The variance was 
30 to 144 months. 


short latent intervals were apparently more 


Cases developing after 


severe, subjectively and objectively. Those 
in which the latent period was longer have 
shown response to steroid therapy, either 


in the form of 


stabilization or even in the 
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form of clinical and/or roentgen recession, of a shop-coat, properly buttoned, over their street 


Recently some reports indicate “complete” — ‘lothes considered adequate 


tm If such personnel spend more than two hours in 

reversions as shown by x-rays. e 

: potentially high-exposure areas (controlled) : 

will tell whether these are permanent or 1. 14X17 P-A chest x-ray 

: transient. 2. Vital capacity and weight record 

At present there are 68 active employees 3. Complete change of company-issued clothing 

with 10 to 34 years of service, 19 of whom and overshoes; applies principally to  per- 
antedate the study date line of June 1, 1941 sonnel doing equipment servicing, recon- 


struction, etc.; repeat of Items 1 and 2 on 


Po date there has been no indication of a a semiannual basis if visits are repetitious 
latent pulmonary problem in personnel ex- These precautions are on a forensic basis. Oc- 
posed to beryllium in this plant the cupational and nonoccupational problems have been 


“modern” era. detected in this program. The Medical Director 


has the prerogative of denying access to controlled 


areas if medically indicated. 
Direct Medical Procedures : 


1. Employees Expansion on Criteria for Employment 
\. Preplacement . 
1, Standard medical and surgical case history In addition to the standards regarding hernia, 
?, Careful probing of occupational history ; ete., those applicants showing any of the following 
3. Standard physical examination, including defects are automatically excluded : 


blood. urine and cercloc. 1. Previous pulmonary occupational disease, re- 
P-A gardless of type; based on possible allegation 
5. Vital capacity dutevininetion of “aggravation of preexisting defect” 


to 


6. Indoctrination on beryllium — toxicology ; Previous or existing pulmonary nonoccupa 


time-consuming but has proved to be of tional disease denoting trend or chronicity : 
great value in the industrial hygiene pro- (a) \sthma 
gram (b) Hay-fever with respiratory expression 
B. Semiannual (c) Two or more “x-ray verified” episodes of 
145¢17 PA chest pneumonia, other than infaney 
2. Routine blood and urine (d) Empyema 
C. Annual Emphysema 
1. Standard physical examination ({) Bronchiectasis 
3. Routine tlood and urine (h) Specific therapy for tuberculosis 
LD. Termination (1) Pulmonary fungal disease, e. g., “Farmer's 
Same as C; not done if A or C had been con lungs,” coccidiomycosis, ete 


ducted within the preceding 30 days Chronic disease of liver 


Ie. Special Chronic disease of kidneys 


Iextent and procedures dependent on complaints Cardiopathy with incompetent valves 


I. Weekly 6. Applicants in the chemical or foundry divisions 
The V. C. and weight recordings on “con showing a vital capacity depression of more 
trolled”-area personnel are done on a weekly than 10% below the normal calculated for the 
basis. A mean is obtained on the first 10 person; a 15% maximum deviation is. per- 
readings. A depression of 10% or more below mitted in the fabrication division; a simple 
this mean leads to referral by the dispensary MekKesson-Scott spirometer has proved ade 
nurse to the Medical Director for evaluation. quate for routine use 

Il. Nonemployees (visitors, service personnel, etc. ) 7. Applicants in the chemical division showing 

If such personnel spend less than two hours in dermatographism or chronic dermal problems 


potentially high-exposure areas (controlled), use 


The Brush Bervllium Company 


120/202 


=, 
q 
4 
| 
i 


Discussion of Paper by Dr. Zielinski 


HARRIET L. HARDY, M.D., Cambridge, Mass. 


Iexperience 


that the 
means of preventing beryllium disease in its 
chronic form are few. As in most occupa 


suggests medical 


tional disease problems, prevention rests 
with ventilation engineers and the chemists 
who assay beryllium-contaminated atmos 
phere. On the basis of current knowledge, 
there ere a few useful rules for the physi 
cian. First, should any individual worker 
be excluded from beryllium exposure? Be 
cause presently acceptable maximum allow 
able concentrations are low, and because it 
is always possible that there may be sudden 
overexposure, especially in new or previ 
ously untried operations, persons with de 
monstrable chrome — respiratory — disease 
should be excluded from all except) back 
ground levels of beryllium. 


Workers with 
chest’ x-ray abnormalities of any 
cause, with or without symptoms, ideally 
are not allowed beryllium) exposure, since 
changes in the x-ray picture after toxic 
beryllium exposure become difficult: or im 
possible to interpret. 

It seems appropriate to comment here on 
the use of the patch test as a means of 
screening persons who should not be ex 
posed to beryllium. Dr. George Curtis has 
deseribed his technique of using a 1 solu 
tion of beryllium salts as patch test, 
pointing out, at the time, that a 
person may become sensitized to beryllium 
through the use of such a test. 


if the patch test 


sale 


There fe re, 


were used on normal, 
healthy persons to discover whether they 
should be exposed to a beryllium atmos 


phere, they might become sensitive to beryl 
Received for publication Nov. 5, 1958. 
Chief, Occupational Medical Service, Massachu 
setts General Hospital; Assistant Medical Director, 
Massachusetts Institute of Technology 
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lium, and, since hypersensitivity may be 
one of the components of disease produc 
tion, they might actually be made more 
susceptible to beryllium disease. 


that such 


It is clear 
a procedure is to be avoided. 
Further, if beryllium is present in the body 
without causing symptoms, and hypersen 
sitivity is a factor, it is conceivable that 
the harmful effect of beryllium may be 
initiated by a patch test. 

Workers whom beryllium potsoning 
has affected the lower respiratory tract 
further exposed to toxic 
beryllium compounds. There are two rea 


should not be 


sons for making this statement: lirst, there 


are documented cases of chronic disease 


following, at varying intervals, an acute 
attack of beryllium poisoning which has 
involved the lower respiratory tract. See 
ond, since it would not be wise to expose 
a person with arrested tuberculosis to the 
risk of further infection by allowing him 
to work im tuberculosis sanatorium, it 
add to a 
body burden of beryllium, which by the 


evidence of previous ness has been shown 


appears foolhardy to person’s 


to be harmful. 
What useful 


in watching beryllium-exposed workers As 


routine medical studies are 


in all good industrial medical practice, the 
careful preplacement) medical examination 
This a complete 
history with detailed attention to previous 
respiratory tract imsults. 


is’ basic should include 
A medical history 
of chronic respiratory infection, asthma, on 
repeated exposure to toxic) chemicals or 
harmful dusts should) certainly cause the 
examining physician to consider excluding 
such a 


person harmful 


beryllium exposure. The basis for such an 


from potentially 


opinion lies in evidence that beryllium ap 
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with other factor in 
producing chronic beryllium poisoning. In 
addition, should disabling respiratory dis- 


pears to act some 


ease develop in a beryllium-exposed worker 
with a history of previous illness of the 
respiratory tract, correct: diagnosis would 
difficult. The chest x-ray done at 
this time should be a 14% 17 film, in order 
to be certain of slight deviations from the 
normal pattern. 


become 


As mentioned above, this 
base-line chest x-ray is of great importance 
in the event of 


accidental overexposure 


and/or subsequent illness accompanied by 


radiological abnormalities. 

It has been the practice at M. Ll. T. to 
rely chiefly on an annual 14% 17 chest x-ray 
as routine medical follow-up of workers 
exposed to harmful beryllium compounds 
controlled at or near the present permissible 
levels. Although a complete annual medical 
examination can be considered ideal, such 
a procedure is not always practical. Beryl- 
lium-exposed workers should be followed 
by a physician aware of the character of 
beryllium disease, at intervals appropriate 
to the particular job. Such medical check- 
up supplies the opportunity to elicit) mild 
symptoms of cough, dyspnea, weight loss, 
that may herald carly onset of beryllium 
effect. Workers should be examined at the 
time of suspected or known accidental over- 
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exposures. If a worker is anxious about his 
health and beryllium exposure, or his super- 
visor has doubts of the man’s good health, 
a physician should carry out a complete 
medical examination with follow-up tor 
shorter or longer periods, depending on 


what is discovered. 


As in most potentially harmful work ex- 
posures, the physician performs a_ rear 
guard action, and control is almost entirely 
in the hands of the industrial hygienist. 
The physician can exercise judgment based 
on experience (his own plus that accumu 
lated by others) in deciding that an indi 
vidual should not be 


worker permitted 


berylhum exposure. This may be a_pre- 
placement decision, or after overexposure 
and/or illness. Medical control, in a sense, 
is not possible, and the two words together 
are meaningless. Unfortunately, medical 
decisions cannot be reduced to exact, man- 
ageable terms as can those of the engineer 
and chemist. Nevertheless, 10) years’ ex- 
perience provides convincing evidence that 
medical management, together with chemical 
assay and engineering control, can, with 
rare exceptions, prevent illness in industrial 
operations which 


potentially harmful 


berylhum compounds are used. 


Massachusetts Institute of Technology 
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The Analysis 


J. CHOLAK, Ch.E., Cincinnati 


It is accepted generally that any method 
which is to be useful for the determination 
of beryllium biological materials must 
detecting, with 


be capable of accuracy, 


quantities of O.10ng. or less. The finding 
of such traces in tissues and body fluids is 
used frequently to support the diagnosis 
of beryllium disease. On the other hand, 
from time to time, beryllium has been found 
in the lungs of persons who have had no 
history of occupational or “neighborhood” 
exposure to beryllium and beryllium 
disease. The purpose of this paper will be 
to discuss. the rehability of the existing 
methods for determining trace quantities of 
beryllium and to present some data which 
deal with its occurrence in nature. 


Methods of Analysis 


Three general methods, colorimetric, 


fluorimetric, and spectrographic, are being 
\ccepted for publication Oct. 30, 1958 
From the Kettering Laboratory, Department of 
Medicine Industrial Health, Um 


Preventive and 


versity of Cincinnati College of Medicine 


Vethods 


‘TABLE for the 


Method Principle or Reagent 


Colorimetric Quinizarin-2-sulfonic acid Red 
Aurintricarboxylic acid Red 
Naphthazarin (Alkannin) Purple 
Naphthochrome-green G Red 
p Nitrobenzeneazoorcino! Red-brown 
(Zenia) 
Solochrome brilliant blue B Red 
Fluorimetric Morin Yellow-green 
1-Amino-4-hydroxyanthra Red 
quinone 
1,4-Dihydroxyanthraquinone Red 


quinizarin) 
are 
Cathode layer 
Porous cup (spark 


Spectrographie 


Determination 


Color of 
Be Complex 


of Traces of Beryllium 


used for the determination of traces of 
beryllium ina variety of materials. A num 
ber of the procedures specifically designed 
for the determination of beryllium in_ bio 
logical and related) material are listed in 


Table 1. 


cially 


A good many other dyes, espe 
used for the 
determination of aluminum or even tluoride, 
can be 


those which may be 
adapted to the colorimetric deter 
mination of beryllium, however, with little 
prospect that these will be more specihe 
or more sensitive than those listed in ‘Table 
1. The sensitivities indicated for the color 
imetric and tluorimetric methods have been 
determined with solutions of pure beryllium 
100 mi. 

The 


for the colorimetric methods is 


adjusted to a volume of and are 


rarely realized in practice. useful 


lower limit 
between and 2ng., while the practical 
limit 


lower for the morin procedure, the 


most sensitive fluorimetric method. be 


tween ng. and 0.02 ng. 
None of the dyes used in the chemical 


methods 1s specific for beryllium, so it has 


of Mtcrogram Ouantities of Beryllium 


Sensitivity, 


Interferences ug/ M1. 


References 


Al, Fe, PO, F, Mg, Cu, Zn, 0.05 1-4 
NOs, Ca 

Fe, Al, Pb, Ca, Cu, Mn, 0.1 4,5 
POwF 

Ca, PO, Al, Fe, F, Zn, Cu, Mg 0.05 

Fe, Mg, Al, PO. many others 0.1 7 

PO, F, Fe, Mg, Cu, many 0.10-0.20 3, 8,9 
others 

Fe, Ni, Cu, Al, Ti, Ce, Bi 0.2 10 

Fe, Al, Ca, PO, Li, Cl, 0.001 3,9, IDL 
variation in pil, rare earths, 
many others 

PO, Fe, probably .wany others 0.025 1,3,4 

Ca, Mg, Fe, Cu, Mn, PO,, F, 0.025 3 


many other 


0.005-0.02 
4 None 0.0005 19, 20 
| 0.005 21, 22 
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been necessary to evolve special methods in 
order to eliminate interferences by the many 
ions which occur regularly in biological 
material. The methods for separating beryl- 
lium are lengthy and tedious, involving its 
concentration from large quantities of ex- 
traneous matter and the removal of inter- 
fering compounds. A variety of schemes 
have been proposed, including the precipita- 
tion and entrainment of beryllium,'® the 
separation of beryllium from interfering 
treatment with &-quinolinol and 
cupferron,® electrolysis with the mercury 


ions by 


cathode, the use of cation exchange col- 
umns,”* the concentration of beryllium by 
extracting it with acetylacetone,?* and the 
sequestering of traces of interfering ions 
with edathamil (ethylenediaminetetraacetic 
acid).* None of the separations is quantita- 
tive, so the complete removal of interfer- 
ences is rarely accomplished. In some of 
the colorimetric methods, the color changes 
also are indistinct and difficult to apply to 
quantitative measurement. Residual quan- 
tities of the various reagents used to elimi- 
nate or reduce interferences may affect the 
colors, and there is usually a reagent blank 
be taken the 
final measurement. The validity of a result 


which must into account in 
is also influenced by the stability of the 
color or fluorescence, which may depend 
factors as time, 


upon such 


pH, and quantity of dye. 


temperature, 


These difficulties always raise questions 
as to the specificity and accuracy of a find 
ing in the range near the threshold of 
detection, and limit the usefulness of the 
chemical methods to specific fields of in- 
vestigation. Any one of the chemical meth- 
ods is suitable for determining the beryllium 
the air. 
(Zenia ) 
however, are used most widely for this 


The  p-nitrobenzene- 
and 


content of 
azoorcinol morin methods, 
purpose, and simplified and rapid proce- 
dures useful for analyzing dusts collected 
from the atmosphere have been developed.** 
Small amounts of Versene T (a blend of 
tetrasodium ethylenediaminetetraacetate and 
triethanolamine ) 
limited quantities of interfering ions in the 


are used to sequester 
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p-nitrobenzeneazoorcinol 


method,*? 
oxine (8-quinolinol) is used to eliminate 


while 


interferences in the morin method.!? The 
p-nitrobenzeneazoorcinol method is less sen- 
sitive than the morin method, but it is 
satisfactory for the determination of lpg. 
to 2ug. of beryllium in dusts removed from 
1 to 70 cu, meters of air aspirated through 
any of the filter media used in the standard 
air-sampling equipment. 

The morin method is especially suitable 
for the determination of traces of beryllium 
in relatively small quantities of material. 
It can be used for the analysis of tissues 
in the investigation of the toxicity of com- 
pounds of beryllium, for air analysis, for 
the examination of the urine of persons 
exposed to beryllium in industry, and for 
the analysis of tissues of victims of beryl- 
liosis when the total quantity of beryllium 
in the sample is greater than 0.02ng. The 
accuracy of analysis as well as the speci- 
ficity of detection of quantities below this 
limit are questioned for the reasons given 
in the preceding sections, 


Spectrographic Method 


The spectrographic method is the most 
satisfactory method for detecting and deter- 
mining traces of beryllium. Its specificity 
is unquestioned, since none of the many 
constituents normally present in biological 
material interfere in the detection, provided 
instruments of suitable dispersion and _res- 
olution are employed. However, the attain- 
ment of maximum sensitivity requires the 
concentration of beryllium into a small vol- 
ume, so some scheme which serves to free 
the beryllium from large quantities of ex- 
traneous matter is generally employed.1%1% 2° 
No difficulty is encountered in detecting as 
little as 0.0005ng. Tron, when present in 
large concentrations, needs to be removed, 
not because of the masking of the beryllium 
line (2348A) but for densitometric reasons, 
since the presence of large quantities of 
iron in the sample increases the intensity 
of the beryllium line to a greater extent 
than that of the internal standard.4® The 
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accuracy of the spectrographic determina- 


tion of beryllium is somewhat inferior to 
that by the morin method. However, this 
inferiority is not too significant and is 
acceptable, particularly since, in the lowest 
range of concentration, specificity and sen- 
sitivity are more important than absolute 
accuracy. 


Sensitivity and Size of Sample 


Samples submitted for analysis must be 
of sufficient size so that the sensitivity of the 
method is realized and a useful and inform- 
ative result is obtained. (There is also the 
problem of the size of a sample from a 
large and inhomogeneous organ, from. the 
aspect of the adequate representation of 
the organ. This aspect is not dealt’ with 
here, since it is not, strictly speaking, a 
problem of analytical technique. In Table 2 


TasLe 2.—Relationship Between Spectrographi 
Sensitivity of the Determination of Berylliuan 
and Size of Sample 


Sensitivity 
Material Desired Size of Sample 
Urine 
Tissue (lung) 
Air (inplant) 
Air (outside) 
Urine 
Tissue (lung) 


0.01 pe/L. 

0.01 peg/100 gm. 
0.01 pe/M 

0.001 we/M 
0.06-0.30 pe/L. 
0.30-1.50 pe /100 gm. 


333 mi. 

33.3 gm. 

$33 LL. (11.77 ft.) 
$333 L. (117.7 
50 mi. 

lgm 


are listed the sizes of samples which must 
be employed to obtain the sensitivities which 
have been indicated as desirable. The sizes 
of the samples which are necessary to attain 
these sensitivities have been determined on 
the basis of a spectrographic sensitivity 
of 0.003ng. per milliliter of solution and 
the use of one-fifth of this solution on the 
electrode. [f the entire solution is placed 
on the electrode, the sample can be reduced 
in size to one-fifth of the quantities shown. 

In the lower section of Table 2 are listed 
the concentrations of beryllium which can 
be determined spectrographically when sam 
ples of tissue and body fluids of the sizes 
indicated are submitted for analysis. In 
the case of the lower values, all of the beryl 
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lium which has been isolated is placed on 
the electrode, while in the case of the higher 
values, the beryllium is in 1 ml. of solution 
and only 0.2 ml. portions are used. A nega 
tive value is significant, therefore, only if 
a sample of sufficient size has been sub 
mitted. When large samples are available, 
the sensitivity, on a concentration basis, 
can be increased to one-half or even one 
fourth of the values shown in the upper 
portion of Table 2. 


Occurrence of Beryllium 


The significance of the detection of be 
ryllium in tissues and body fluids depends 
partly upon the nature, severity, and time 
of occurrence of exposure, the nature of the 
disease, and the pattern of the distribution 
of beryllium. Information is lacking con 
cerning its occurrence in many materials, 
and much still 
hll the gaps in our knowledge. During the 
past 


work needs to be done to 


10 years, analysis of a substantial 


number of different materials has been 


made, and, since the findings are of interest, 
they are shown in ‘Table 3 with other infor 
mation taken from the literature. 

Taste 3.-—-The Natural 


Occurrence of Beryllinm 


Concentration 
No 


Samples 


Material 


Average Range 


Earth's crust 3.0 ppm (24) 


6.3 ppm (25) 


Soil 15 0.37 ppm 0.13-0.88 ppm 
Shales 4.00 ppm (25 
Bauxite 0 ppm (25) 

Coal 23 1.55 ppm 0.07 3.0 ppm 
Ash 1.0 ppm 8000 ppm (25) 

Air 933 0.0002 0.0001-0.003 


Biological 
material 
Lung 70 


0.33 100 gm 0.00-1.08 pe / 100 em 


Urine and 0.00 


blood 


It has been reported that the earth's crust 
contains, on the average, from 3 to 6.3 ppm 
[ts concentration soil is 
illustrated sketchily by the results of the 
analysis of 15 samples from Ohio, West 
Virginia, Georgia, Maryland, North Caro- 


lina, and South Carolina. The average con- 
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tent was 0.37 ppm with a_ range of 
concentration that varied from 0.13 to 0.88 
ppm. It has been reported that beryllium 
accompanies aluminum in its general occur- 
rence and that it has been found in appre- 
ciable quantities in shales and in bauxite.*® 

The presence of beryllium in coal, partic- 
ularly soft coal, is a generally accepted fact. 
An extensive study of the elements in the 
collected from 16 
West Virginia ** indicated an average con- 
tent, as beryllium oxide, of 0.008% and 
concentrations that varied between 0.002% 
and 0.03%. 


the ash of some coals contained beryllium 


ash of coal seams in 


It has also been reported that 


in concentrations as high as 8,000 ppm and 
that this coal might serve as a commercial 
source of beryllium.*® The results obtained 
in our analysis of 23 samples of coal indi 
cate that the average beryllium content of 
the ash of the coal was higher than the 
value of 4 ppm given by Goldschmidt as 
the average concentration coal ash.?° 
The 23 samples were obtained in Cincinnati 
from suppliers of domestic and industrial 
fuel shipped into the area from mines in 
Virginia, West Virginia, Kentucky, and 
Pennsylvania. The ash of the coals varied 
from 2.5% for a smokeless coal from 
Kentucky to 16.2% for an industrial coal 
from the Elk Lick Mine in West Virginia. 
The analyses also indicated that the beryl- 
lium was not volatile and was retained in 
the ash of the coal. 

As a consequence of these findings, it is 
not surprising that beryllium should be 
found in the air. Very small quantities of 
beryllium are, generally, present in the at- 
mosphere, as can be seen from the average 
and the range of concentrations obtained 
from the analysis of 933 samples of par- 
ticulate matter collected by high-volume 
samplers in more than 30 metropolitan areas 
of the United States.?7 


that, in general, more beryllium is present 


These data show 
in the air of the larger communities than 1s 
the case for the smaller urban areas, and 
that the air of such coal-burning communi- 
ties as Detroit, Philadelphia, and New York 
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contains more beryllium than does the air 
of Los Angeles.*7 

Since beryllium is present in the air and 
soil, it is not unusual that it has been found 
in the lungs of persons in the general popu- 
lation. Seventy samples of lung removed 
at autopsy from persons who had had no 
industrial exposure to beryllium contained 
on the average 0.33yng. per 100 gm. of 
tissue, the 


concentrations ranging from 


0.00ng. to 1.98ng. per 100 gm. of tissue. 

Very little, if any, beryllium has been 
found in the urine or blood of persons who 
have not been exposed to beryllium in in- 
dustry. A range of concentration is not 
most of the 
samples which were analyzed have been 
negative or near the limit detectable by our 
procedure. 


given for the urine, since 


TABLE 4. 


Beryllium in Normal Lungs Correlated 
with Place of Residence 


ug /100 gm I 


0.00-0.099 62 * 
0.1-0.199 
0.2-0.299 
0.3-0.399 
0.4-0.499 
0.5-0.599 
0.6-0.699 
0.740.799 
0.8.0.899 
0.9-0.999 
1.0-1.099 


* Nils: 1=54, I1=10, I11=8, X=3. 


The findings in the 70 samples of lung are 
listed in Table 4 according to the place of 
residence of the subjects. Thus, Columns I, 
Ill, and IV four different 
sections of the eastern United States. Sig- 
nificant quantities of beryllium were found 
in some of the samples from Areas II, IIT, 
and IV, while only the merest traces were 
present in 8 of the 62 samples from Area | 
(Cincinnati). The 62 samples of lung listed 
for Area | were used to study the anatomi- 


represent 


cal distribution of beryllium and represent 
the total number of samples from only six 
subjects after selection of an average of 
from different each 


10. sections areas of 
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of the lungs. Since the weights of these 
samples varied from 0.6 to 36 gm., the 
absence of beryllium in the smaller samples 
in this series cannot, at present, be consid- 
ered significant. Insufficient quantities of 
material may also account for some of the 
negative findings in the lungs from Areas 
Il and III, although in the case of Area I] 
some large samples (up to 70 gm.) were 
found to be free from beryllium. The find 
ings listed under the column marked “X” 
were from the analysis of lungs from a 
group of miners with a diagnosis of 
anthracosis or anthrasilicosis. The weight 
of tissue submitted for analysis in_ this 
series Of samples varied from 2.1 to 15.9 
gm., the three negative results being re 
ported for samples that weighed only 3.3, 
4.5 and 7.5 gm. each, 

The data obtained thus far indicate that 
beryllium can be found in the lungs of some 
persons with no occupational exposure to 
beryllium. The absence of beryllium in 
samples that weigh less than 30 gm. is not 
significant, and more work needs to be done 
to establish its absence or presence in the 
lungs of the general population. 

Department of Preventive Medicine and In 
dustrial Health, University of Cincinnati College 
oft Medicine 
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Beryllium: Hazard Evaluation and Control in Research 


and Development Operations 


E. C. HYAIT, B.S.; H. F. SCHULTE, M.S.; R. N. MITCHELL, B.S, and E. P. TANGMAN Jr., Los Alamos, N. Mex. 


Many of the things we do with beryllium 
are probably unique to our laboratories and 
For 
example, we handle large quantities of pure 


are seldom encountered in industry. 


beryllium metal blocks in critical assemblies 
which are used to obtain data for nuclear 
rocket engines. The preparation of beryl- 
lium targets for our cyclotron is another 
tricky operation which presents unusual 
problems, although the quantity of beryl- 
lium involved is small. A variety of unusual 
compounds of beryllium have been .synthe 
sized in the chemical laboratory, and some 
of these involve the use of organic com 
pounds of this metal. 

We, of course, also use beryllium in many 
We 


machine beryllium; we weld it, and we 


ways that are familiar to industry. 


subject it to both usual and unusual metal 
lurgical laboratory procedures. We, there 
fore, have a variety of problems in the 
control of beryllium contamination which 
depend on the various uses of this metal, 
as well as the problems connected with the 
mere storage of the element and its care and 
handling. 

This paper describes briefly some of these 
various operations involving beryllium and 
presents some sampling data which illustrate 
typical exposures to personnel during the 
operations, and the control measures which 
we developed for personnel protection, 

Our primary control is education. At Los 
Alamos, beryllium and beryllium compounds 
are never used by uninstructed or unsuper 
vised groups in any operation that produces 

Accepted for publication Nov. 5, 1958. 


Work done under the auspices of the Atomic 
Energy Commission. 
From the Health Division, Los Alamos Scientific 


Laboratory of the University of California 


atmospheric contamination. Beryllium con- 
trol measures have been in effect since they 
were first Dr. Harriet 
Hardy in 1948, when she was in charge of 
the Occupational Health Program at Los 
Alamos. — In 1951, the Atomic 
Iknergy Commission issued “ Recommenda- 
tions for the Control of Beryllium Haz- 
ards,” ' applicable to all of its many 
contractors, which included the following 
standards: 


recommended by 


August, 


A, the inplant atmospheric concentration 
of beryllium should not exceed 2ng. per 
cubic meter (wg/M*) as an average con 
centration throughout an eight-hour day. 

B, even though the daily average might 
be within the limits of the preceding para 
graph, no personnel should be exposed to 
a concentration greater than 25g. per cubic 
meter for any period of time, however 
short, 


Handling and Storage of Beryllium 
for Critical Assemblies 


The largest quantity of beryllium in use 
at Los Alamos is found in a building hous 
ing critical assemblies. Figure 1 illustrates 
a “honeycomb” geometry-type critical as 
sembly which uses pure beryllium metal 
blocks as a This assembly is 
made up of a honeycomb of Al boxes which 
can be filled with various reactor materials. 


moderator. 


One-half of the structure is mounted on a 
cart that can be moved by remote control to 
complete the assembly. The honeycomb 
machine ts used to obtain information which 
helps to arrive at the basic reactor design 
for nuclear propulsion. 

l‘igure 2 shows a detailed view of one 
half of the honeycomb. The pure beryllium 
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Honeycomb critical assembly, which is operated remotely to measure critical masses 


and map flux and power distributions for rocket studies. 


metal blocks are placed in the Al boxes to 
obtain various geometries. A potential con 
tamination problem arises when the beryl- 
lium blocks are moved in and out of the Al 
boxes. 

Surface corrosion results in the greatest 
beryllium contamination problem. There is 
a storeroom adjacent to the critical assembly 
area where large quantities of beryllium 
blocks of 


stored. These blocks are commonly stored 


various sizes and shapes are 


on painted metal shelves. One of these 


storerooms was the source of the most 
serious beryllium metal corrosion problem 
we have encountered, 

During routine work, preparatory to 
using a number of blocks in an assembly, 
a white powder was observed on the beryl 
metal surfaces in with the 


shelf. The 


shown in Figure 3. 


hum contact 


metal corrosion observed is 
An analysis of the 
white powder showed it contained 27 


beryllium oxide. An inspection of the store 
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room revealed an overhead steamline and 


a leaking relief valve above the beryllium 
storage shelf where the white powder had 


formed. According to English? beryllium 
metal exhibits a strong tendency toward a 
localized attack when 
exposed to water. This type of attack is 


form of corrosion 
stimulated extensively by the presence of 
such ions as chloride, sulfate, copper, and 
iron, 

lor hazard evaluation, both breathing- 
zone and general air samples have been 
collected) during the loading and removal 
of clean beryllium blocks in the honeycomb. 
The maximum air concentration was found 
to be O.8ng. per cubic meter, The concen- 
trations of all air samples ranged from this 
figure downward to 0.01yg. per cubic meter. 
Surface contamination on the assembly, on 
the beryllium blocks, and on the floor of 
the assembly room was checked at periodic 
intervals. The found the 
assembly was 3.0ug. per square foot; the 


maximum 
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detailed 
view of honeycomb as- 
sembly, 


lium 


showing beryl- 
metal blocks in 
lattice work. 


maximum from an apparently clean beryl 
lium block was 16.0ug. per square foot, and 
the maximum on the assembly room floor 
was 5.0ug. per square foot, 

Air samples were also collected during 
the cleaning of beryllium blocks and shelves 
contaminated with beryllium oxide. All 
workmen involved in this operation wore 
The 


of 21.0ng. per cubic meter for 10 minutes 


respirators. maximum concentration 


was found when powder was being scraped 
from these shelves to obtain a sample for 
analysis. During the period that the beryl- 
lium blocks were cleaned with alcohol, the 
air concentration was 4.0nug. 


per cubic 


meter. The concentration during washing 
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of the shelves by the janitor was O.8pg. 
per cubic meter. Surface SWipes from cor 
roded beryllium blocks ranged from 30° to 
75g. per square foot of area swiped. 

Our experiences indicate that local ex 
haust ventilation is not needed during the 
handling of clean beryllium blocks in’ the 
critical assemblies. However, it is necessary 
to maintain a high standard of housekeep 
ing, periodically checked by surface swipes 
to detect accidental contamination 


Beryllium Target Preparation for 
Cyclotron 
Beryllium targets used in the eyelotron 
have been made by evaporating beryllium 


metal onto aluminum sheets. These targets 
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have a surface density of 100ug. to 200ng. 
per square centimeter and are so light that 
any air current will pick them up and cause 
them to break on contact with a surface. 
Because of this, none of the work involving 
the handling of these beryllium target foils 
could be done with local exhaust ventila- 
tion. 

The beryllium targets are prepared by 
evaporating a small quantity of beryllium 
metal in a tantalum boat under vacuum 
and condensing it) onto aluminum sheets 
approximately 5 mm. thick. One of the 
sources of contamination arises when the 
beryllium starts to evaporate under vacuum 
and the occluded gas is suddenly released. 


The gas throws tiny beryllium particles onto 
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Two corroded 
blocks 
compared with one clean 


block. 


Fig. 3. 


beryllium metal 


the vacuum jar surfaces and carries them 
into the oil of the mechanical vacuum pump. 
The metal 
powder and adheres very loosely to the sur- 


is occasionally deposited as 
faces. When the vacuum jar lid is removed, 

and 
Also, 


the mechanical vacuum pump exhaust may 


the contamination may be released 


create an air-borne dust problem. 


carry beryllium particles with the oil mist 
given off. 

The potential contamination 
problem arises when the beryllium foil is 
This is 
normally done by slightly bending the alu- 
minum so that the beryllium foil will slide 


greatest 


removed from the aluminum sheet. 


off. Occasionally, the beryllium foil shat- 


ters like glass and disperses many tiny par- 


lol. 19, Feb., 1959 


ata ‘ 
A 
aes 
: 


ticles into the air when the aluminum sheet 
is bent. The cutting of foils to the desired 
shapes and weighing is a minor contamina- 
tion problem. the foil is 
dropped it may break into many. pieces that 
are not visible to the naked eye. 


However, if 


Beryllium air samples have been collected 
during the various stages in the preparation 
and handling of beryllium targets since this 
work was started in 1952. The concentra- 
tion of beryllium in the air ranged from 
nondetectable to O.l lag. per cubic meter. 
This represents the exposure during all 
stages—evaporating, unloading the vacuum 
jar, removing the beryllium foil from the 
aluminum sheet, and cutting and weighing 
these targets. Air samples were also col- 
lected at the vacuum pump exhaust and 
were all found to be below tolerance. 


Good housekeeping and the occasional use 


of respirators constitute the basic control 


measures. The effectiveness of the house 


keeping 1s checked by periodic surface 


swipes. The maximum surface contamina: 
tion was found to be 3ng. per swipe from 
the top of the vacuum pump. The top of 
the work bench surface never exceeded 
O.4ng. per swipe. The floor in the vicinity 
of this work bench and the evaporator as- 
sembly ranged from Opg. to L3pg. per 


square foot. 


Beryllium Compound Synthesis 

An extensive program was undertaken by 
one of the groups of the Los Alamos Scien 
tific Laboratory to synthesize pure beryl 
lium hydride, and this work has been 
reported by Holley and Lemons.* One such 
preparation, for example, involved the re 
action between lithium aluminum hydride 
and dimethyl beryllium in a diethyl ether 
solution. The preparation of the dimethyl 
beryllium created a very serious contamina- 
tion problem because of the great reactivity 
the 
All syntheses were done in an inert atmos 
After the initial 
preparations, attempts were made to pro 


of the materials involved in reaction. 


phere or under vacuum. 


duce beryllium hydride by catalytic reduce 
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tion of various beryllium dialkyls, by 
reaction of beryllium vapor in hydrogen, 
and by reaction of beryllium metal with 
high-temperature hydrogen. In addition, an 
experiment was conducted to produce the 
beryllium hydride by reduction of beryl 
lium halides and various beryllium alloys, 
such as U Beys. 

The problem 
was minimal, since all the reactions took 
place in 


immediate contamination 


enclosed systems mounted — in 
vacuum bench hoods or in standard chemi- 
cal-fume hoods. Of the intermediate com 
pounds used in the syntheses, the dialkyls 
presented the greatest problem, since these 
are pyrophoric and react violently when 
exposed to the room atmosphere. Another 
source of atmospheric contamination is the 
finely divided beryllium metal powder 
formed by areing of beryllium metal. In 
general, the various compounds were han 
dled in quantities that never exceeded 10 gm. 

Air samples were collected routinely in 
the this 
was done. The sampling heads were sus 
pended outside the face of the hoods in 
which the compounds were handled 


were rut 


various laboratories 


where work 


and 
continuously during working 
hours for periods of one week. The maxi 
mum permissible air concentration was ex 
ceeded by only one such air sample during 
the entire program, which lasted for more 
than a year. This single overtolerance con 
centration cubic meter. 
Ninety-five per cent of the 286 air samples 


was per 
were less than O.5ng. per cubic meter. Of 
the 40 periodic surface-swipe samples taken, 
showed less than 5.0ng. of beryllium 
per square foot; 2 were above 15.0ug. per 
square foot. 

During the course of our air-sampling 
program, unusual situations arose from: time 
to time when breaks occurred in the reac 
tion systems or when minor explosions re 
sulted from unpredictable On 
such occasions, the personnel] left the room 
and 


reactions, 
obtained full protective clothing and 
respirators before returning to the room to 
clean the equipment. Surface-swipe sam 
ples were used as an index to determine that 
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equipment and hoods were clean after such 
incidents. 
All beryllium compounds were handled 


in chemical-fume hoods, vacuum bench 


hoods, or dryboxes. All contaminated air 
exhausted from these hoods passed through 
a capillary air washer, backed up by a dry 
filter pad of FG 50 filter media. The face 
velocity on the chemical-fume hoods ranged 
from 100 to 150 ft. per minute (fpm). The 
the vacuum bench hoods 
20 to 110 fpm with all doors 
We did not experience higher air 
the 
laboratory because the reactions took place 


face velocity on 
ranged from 
open. 


concentrations the atmosphere of 


in completely enclosed systems, and the 
vacuum bench hood doors were generally 
closed, 

The best available half-mask respirators 
were worn by all personnel when handling 
berylhum compounds and during assembly 
and disassembly of equipment potentially 
contaminated with beryllium. Supplied-air 
masks were provided for personnel working 
with the unpredictable and highly reactive 
beryllium dialkyls. mobility, the sup 


plied-air mask was attached to a large 
H-type air cylinder mounted on a cylinder 
cart. The cleaning of  beryllium-contami- 
nated glassware and equipment was usually 
effected by complete wetting of the equip- 
The 


glassware was then washed in the sink by 


ment before removal from the hoods. 
customary procedures. 


Metallurgical Laboratory 
During the past year, our Metallurgical 
Laboratory has investigated several methods 
of welding and soldering beryllium metal. 
In addition to development work by the 
the Metal 


lurgy Section prepared many specimens for 


Fabrication Section, Physical 


examination tensile tests. Since no 


beryllium work had been done by these 
sections for many years, was recom 
mended that all men doing this work wear 
respirators until air sampling had proved 
that local exhaust hoods were satisfactory 


and the workers had gained experience and 
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confidence in these new operations. All of 
the 18 workers were individually fitted with 
various commercial half-mask respirators in 
a gas chamber to be certain they had ob- 
tained a respirator giving a positive face 
seal. 

Air samples were collected in the breath- 
ing zone of the operators during all phases 


of this work. The results of the air sam- 


ples collected to date are shown in Table 1. 


TABLE 1—Summary of All Air Samples Collected 
During Various Metallurgical Laboratory 
( ) perations 


% Less than 
Stated Conce., we/M?* 
No. - 

Operation Samples 0.05 10 20 25.0 
Welding 

Inert are 

Oxygen-acetylene torch 
Soldering 

Heating by induction coil 

Furnace heating 

High frequency 
Preparation of mounted sample 

Cutoff wheel 

Grinding wheel 

Diamond polishing 
Tensile testing 

Breathing zone 

6 to 12 in. from specimen 
Acid cleaning 


Only three breathing-zone samples exceeded 


2.0ng. per cubic meter. Of these three only 


one sample exceeded the short-term toler 
ance of 25.0ug. per cubic meter. The con 
centration for this six-minute sample taken 
during inert are welding was &88.0ug. per 
cubic meter. This was generated when the 
welder removed the welded meial pieces 
from the hood and started to cool it in a 
bucket of water nearby. The welded bead 
crumbled, giving off gas which dispersed 
considerable beryllium dust. The dust was 
rapidly exhausted from the area, and the 
exposure lasted only approximately two 
munutes, 

The initial welding work was done by 
hand in a hood with an opening 30% 30 in. 
Most of 
the welding was done by an automatic inert 
The 
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maximum opening on this hood was 4™ 2 ft. 
with an average face velocity of 140 fpm. 
This opening could be closed by three sepa- 
rate doors, which permitted working with 
a minimum opening. Generally, the set-ups 
were made with a 2X2 ft. open door with 
an average face velocity of 300 fpm. When 
the automatic welder was operated, all doors 
were generally closed. Of the 30 inert are 
welding samples shown in Table 1, 25 were 
collected at the automatic welder hood and 
all were below 1.0ng. per cubic meter; 18 
of these samples were below 0.05yg. per 
The air exhausted from this 
hood passed through an Aerosolve-95_ filter 


cubic meter. 


before it was released to the atmosphere. 
Soldering was done by placing the solder 
in contact with two pieces of beryllium 
metal and heating with an induction coil in 
a bell jar containing an inert atmosphere. 
Local exhaust was provided by placing an 
8 in. exhaust duct approximately 6 in. from 
the work area. The furnace soldering was 
done in a laboratory with 20 air changes per 
hour. In addition, a local exhaust slot hood 
covering 180 degrees was placed over the 
furnace door. All other soldering experi 


ments were done in chemical-fume hoods 
with average face velocities ranging from 
100 to 200 fpm. 

The welded and soldered beryllium metal 
was cut 


to dimensions on a 6 in. water 


cooled cut-off wheel. When this work was 
initiated, we tried cutting beryllium metal 
without an exhaust hood. Two of the eight 
breathing-zone air samples collected were 
above 2.0ng. per cubic meter with a maxti- 
mum cubic 


concentration of per 


meter. In order to reduce these concentra 
tions, a box-type lucite hood was made to 
enclose the cut-off wheel, with a door on 
the hood which gave a 15% 15 in. opening 
for set-ups. Three 2 in. diameter holes in 
the door permitted an air flow through the 
hood the during 
sawing; when open the face velocity was 


when door was closed 
275 fpm. The grinder was placed in a fume 
hood with a door set for a 1 ft. opening 
with an average face velocity of 200 fpm. 


The diamond polishing wheel was mounted 
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the work table 
surface and equipped with a 360 degree 
slot-type down-draft exhaust hood. 

The 


equipped 


below 


horizontally in, 


tensile-testing machine was not 


with local ventilation. 
Even though none of the breathing-zone 


samples exceeded 1.0ng. per cubic meter, the 


exhaust 


average concentration of eight samples col- 
lected 6 to 12 in. from the test piece was 
2.5 ug. The 
amounted only to a few minutes per day. 


per cubic meter. exposure 

All samples had been acid-cleaned before 
testing. The acid cleaning was done on a 
bench equipped with a slot exhaust at the 


back of the bench. 
Machine Shop 
The evaluation 


during beryllium metal machining at Los 


and control of hazards 
Alamos for a five-year study have been 
Mitchell Hyatt.* The 
five-year period covered was from 1952 
1956. the 
amount of beryllium machining since that 
time, the 


discussed by and 


through Because of increased 


results of our continued air 
sampling program in this shop are of in- 
terest. The ventilation system described in 
the above paper is currently in use. 

A summary of air-sampling results dur 
ing machining and milling and in the ex 
haust stacks for the period January, 1957, 
through August, 1958, is shown in Table 2. 


Taste 2—Summary of Arr Samples Collected in 
Vachine Shop Puring 1957-1958 


Less Than Stated Cone., pe/M# 

No 
Operation Samples O.05 Ol 0.2 1.0 20 
Lathes 400 fl SO) v2 
Mills | “4 1) 


In comparing the results of air sampling in 
1957-1958 with the previous five-year pe 
riod, we found that the local exhaust hoods 
have maintained the same degree of dust 
control in spite of the increased work load. 
A typical lathe hood is shown in ligure 4. 


Dust-control 


measures during machine 


cleaning and maintenance have not been 
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Fig. 4.—Lathe hood, illustrating normal 


air-sampling head near workman. 


discussed previously. The commonest prob- 
lem is the removal of beryllium turnings or 
chips from the lathe beds. The lucite lathe 
hoods have a small door on the rear at the 
level of the collected turnings. Adequate 
local exhaust can be obtained by completely 
closing the doors on the front of the lathe 
when this chip clean-out door is opened. 
However, we have found the machinists do 
not always do this, and the result has been 
two breathing-zone air samples as high as 
3.0 and 4.5ug. per cubic meter during chip 
clean-out. Vor this reason we require all 
workmen to wear respirators during this 
work. The turnings are boxed and _ sealed 
to prevent the spread of contamination. 


Storage and Inventory of Beryllium 
and Its Compounds 
In this isolated research laboratory, a 
great variety of beryllium compounds must 
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is 


method of operation with  breathing-zone 


All 


compounds are stocked in sealed containers 


be carried in the chemical warehouse. 
and are never opened in the warehouse. 
The only danger arises from a broken or 
leaking container. The warehousemen have 


been instructed as to the necessary safety 
precautions should this arise. lortunately, 
the 


we have never had misfortune of a 
broken container, 

The largest use of beryllium at Los Ala- 
mos is as the metal. The laboratories using 
metallic beryllium maintain small ware- 
houses that are inspected at intervals by the 
The chemical 
warehouse does not currently stock beryl- 


Industrial Hygiene Group. 


lium metal, although a small storeroom was 
maintained in a wooden building by this 
group to store large quantities of beryllium 
metal and oxide accumulated during the 
early days of the Los Alamos project. The 
storeroom had no local or general ventila- 
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tion. The experience of the Supply Depart- 
ment and the information obtained during 
health illustrate 
how easily beryllium contamination can be 
spread to create an air-borne dust hazard. 


surveys are discussed to 


Workmen entered this warehouse once a 
year to store beryllium turnings and to take 
an annual inventory. The first health survey 
made indicated beryllium surface contami- 
nation. Initial precautions included wearing 
a respirator, coveralls, and shoe covers. 
Initial surface-swipe tests showed contami- 
nation ranging from 11.0ng. to 
440.0ug. of beryllium per square foot. The 
maximum swipe was taken on a_ bench 
where beryllium ingots were stored. 


levels 


live 
air samples collected during the first inven- 
tory ranged from 11.0pg. to 23.0ng. per 
cubic meter. These samples were collected 
in the breathing zone of the men weighing 
metal and barrels of beryllium oxide. After 
the inventory, the storeroom was cleaned 
with a vacuum cleaner. 

live samples collected during the next 
annual inventory ranged from 3.0ng. to 
11.0ug. per cubic meter during the weigh 
ing. All personnel in the room wore respi 
rators. To determine the relation between 
loose beryllium surface contamination and 
airborne hazard, the floor was dry-swept 
One 10 
minute sample showed 30.0ug. per cubic 


and air samples were collected. 


meter; a second seven-minute — sample 
showed 28.6ng. per cubic meter. It is ob- 
vious from this experiment that high air- 
borne dust concentrations can result from 
handling of beryllium metal and containers 
contaminated with beryllium dust. 

The final inventory was made in 1957, 
when the Supply Department arranged for 
a beryllium supplier to receive all the excess 
beryllium metal and barrels of oxide. The 
maximum air concentration for a 45-minute 
period during this inventory was 5.1yg. per 
cubic meter. Before shipping, the metal 
ingots and rods were cleaned and packed 
in new wooden boxes and the barrels of 
beryllium oxide were cleaned and painted. 


The maximum surface swipe the 
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painted barrels was 0.6ug. of beryllium per 
square foot. 

In summarizing our experience from this 
storeroom, we wish to emphasize that all 
exposures were for short periods and the 
results of air sampling showed concentra- 
tions never exceeded the short-term toler- 
ance of 25.0ng. per cubic meter for normal 
operations, 


Methods of Sampling and Analysis 


Most breathing-zone air samples were 
collected with a 1% in. Whatman 41 filter 
paper in a brass sampling head. A Gast 
pump equipped with a rotameter is used to 
draw the air through the paper at a flow 
rate of 20 liters per minute. Other breath 
ing-zone air samples and some general air 
samples were collected on 2% in. Whatman 
41 filter paper held in a plastic sampling 
head attached to a suction tube 
on a portable Gast pump. The air flow of 
2 cfm is measured by an orifice meter on 
the pump. 


movable 


This air sampler is known as 
the “giraffe” and has been described by 
Jordan.” Staplex high-volume air sam 
pler equipped with an 810 in. sampling 
head is used for general air sampling and 
atmosphere pollution studies. Surface con 
tamination is checked by swiping 1 sq. ft. 
of surface with Whatman filter paper. 
lilter papers have been analyzed in our 
Industrial Hygiene Laboratory using a 
method based on the fluorescence of morin 
in an alkaline solution.® There is little in 
other substances when con 
rigorously controlled. From 
0.05 png. to 3.0ng. of beryllium can be deter 
mined satisfactorily with this method, 


terference by 
ditions are 


Summary and Conclusions 


Industrial hygiene studies of research and 
development operations using beryllium and 
its compounds at the Los Alamos Scientific 
Laboratory have shown that with proper 
control measures the AIC-recommended 
standards can be met satisfactorily. Dasic 
control measures consist of adequate local 


exhaust hoods, respiratory protective equip- 
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ment, and good housekeeping. The house- 


keeping must be comparable to the 
plant. 


Mr. Bernard C. Eutsler of the Laboratory Sec- 


cleanliness of food-processing 


tion in the Industrial Hygiene Group analyzed all 
of the beryllium air samples. 


Los Alamos Scientific Laboratory. 
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Problems in the Control of Operations 


Processing Plant 


HARRY M. DONALDSON, S.B., S.M., Elmore, Ohio 


Problems of control of a beryllium-proc- 
essing plant are extensive and begin with 
the conception of the idea that the plant is 
to be built. First of all, the plant must be 
located on a stream capable of carrying 
away any liquid wastes generated in the 
process. Second, like any chemical plant, it 
should preferably be built in a_ location 
where accidental contamination of the en- 
vironment will not be a health hazard to the 
population in the area or cause property 
damage in the vicinity. This restriction does 
not apply to a beryllium-fabrication plant, 
for such a plant has been operated in the 
heart of Cleveland for a number of years. 

Beryllium is recovered from beryl ore by 
what is essentially a straightforward chem- 
ical and metallurgical process. The ore, 
beryl, is crushed and fused in an are fur- 
nace, then quenched in water to form what 
is called a frit. This frit is heat-treated in 
a rotary kiln, mixed with sulfuric acid, and 
fed to a sulfating mill where the beryl is 
chemically altered to form the sulfate. The 
sulfate is purified by chemical means and 
precipitated as the hydroxide, which is re 
with bifluoride to 
ammonium beryllium fluoride, which, after 


acted ammonium form 
further purification, is fed as a dried salt 
to the fluoride furnaces, where it decom 
poses to beryllium fluoride, a white amor 
phous solid. This is then) mixed with 
magnesium metal in a reduction furnace 
and, upon heating, a reaction occurs which 
results in beryllium pebbles in a matrix of 
magnesium fluoride. These melts of beryl 
lium pebbles and magnesium fluoride are 


crushed, and the beryllium pebbles are sep 


\ccepted for publication Oct. 30, 1958 
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in a Beryllium- 


arated. After cleaning, these pebbles are 
fed to the vacuum casting furnace where 
billets of beryllium are produced. 

This straightforward chemical and metal- 
lurgical process presents enormous prob 
lems only because safe practice makes it 
necessary to operate in such a manner that 
the daily weighted average exposure of be 
ryllium for each operator will not exceed 
2png. per cubic meter, and in meeting these 
stringent requirements many problems are 
involved. 


1. Processes and Equipment 


lirst of all and probably most important, 
processes and process equipment have to be 
hand-picked for the job. Though many 
processes and many types of process equip 
ment are available for the recovery of beryl 
lium, the problem in choosing that process 
and that equipment which are capable of 
being controlled down to 2ng. per cubic 
meter is a major one. An engineering staff 
with years of experience in selecting proc 
esses and equipment capable of meeting our 
stringent requirements is one of the assets 
of the company. In general, wet processes 
are adopted as much as possible, and the 
design of the operations ts such that as little 
manual control and handling possible 


enter into the operations. 


2. Proper Ventilating Equipment 

The next problem of importance after 
choosing the process and equipment that 
can be ventilated is to apply the principles 
of local exhaust ventilation to the equip 
ment im such a way that contamination im 
the plant is limited to the stringent require 


ment of Be per cubic meter. levery 
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piece of equipment must be ventilated. Some 
pieces of equipment have local exhaust ap- 
plied at several points, wherever contamina- 
tion of the ambient air is a real possibility. 
All process reactor vessels are under nega- 
tive pressure so that when a hatch is opened 
air is sucked into the kettle and no beryl 
lum-containing fumes escape. 

Of course, all process equipment presents 
some air-contamination problems, and work 
is constantly being done on all equipment 
with the idea of improving it from the point 
of view of industrial hygiene. 

lor example, one of the problems in 
running a sulfate mill is that dumping pro- 
duces fumes. It was found that the pit 
below had to be sealed more securely and 
more local exhaust ventilation applied both 
here and at other points where fumes tended 
to escape around the mill. 
led to a 
Invariably, 


The beryl furnace problem 


in pouring. would 
occur about two-thirds of the way through 


a “pour,” 


steaming 


resulting from the molten ore’s 
heating the water in the pit to boiling. The 
presence of from this operation 
means high air counts. The literature indi 
cates that exposure to ore is not considered 


steam 


toxic. This may or may not be true, but 
the samplers cannot distinguish between 
naturally combined or chemically combined 
beryllium, so the process must be controlled 
down to 2ng. per cubic meter regardless of 
how the beryllium is combined. This proc 
ess was brought under control by changing 
the mode of entry of the cooling water into 
the quench pit. 


3. Air-Cleaning Equipment 


Next, an extensive air-cleaning system is 
necessary. All process streams, as well as 
local exhaust ventilation, go through at least 
one collector before going into the stack. 
Some streams go through multiple cleaning 
systems. This is necessary because, again, 
safe practice makes it necessary to keep 
outplant air at less than O.Olpg. Be per 
cubic 


meter. Some examples of the air 


cleaning system are as follows: 
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1. The exhaust from the ore-crushing operation 
goes through a bag collector, the collected dust 
being fed back into the process. 


2. The exhaust from the beryl furnace goes to 
a wet collector. 


3. The effluent from the sulfate mills, containing 


SOs, SOs, SiOsv, unreacted ore, and traces of 
beryllium sulfate, goes through three cleaning 
systems: (a) a cyclone, which removes large 


particulates; (>) a primary packed tower washed 
countercurrently with caustic, and (c) a secondary 
scrubber similar to the primary, then to a 300 ft. 
stack. 

Keeping the scrubbers alkaline allows very little 
plume from the stack, that there is 
good scrubbing and removal of sulfur gases which 


indicating 


could cause property or vegetation damage in the 
vicinity. 

4. The effluent from the fluoride furnaces poses 
a special type of problem. Here, the air must not 
only be cleaned, but the ammonium fluoride which 
results from the decomposition of ammonium 
beryllium fluoride must be removed and recovered 
for reuse in the 


process. First, the 


washed 


gases go 


through a packed serubber 


rently with solution. 


counter-cur 
Next, the gases pass 
through an electrostatic precipitator especially de 
signed in the plant. the remaining 
NH EF Outside of 
minor mechanical troubles, the system seems to be 
ideal. 


This takes out 


left in the stream occasional 


4. Keeping Beryllium Out of the 
Workers’ Homes 

Another problem of control in a beryl 
lium plant is to keep berylhum from going 
home with the worker. In the past, before 
the toxicity of beryllium was appreciated, 
cases Of chronic berylliosis in the worker's 
family have allegedly resulted) from work 
clothes either worn home or taken home for 
laundering. To prevent the exposure of the 
worker's family to beryllium-contaminated 
clothing, there is an extensive clothing pro 
gram. All employees working in the plant 
are supplied with a complete change of 
clothing and are required to take a shower. 
This change includes shoes, socks, under 
wear, and outerwear, as well as a cap. em 
ployees who spend no more than two hours 
a day in the plant and who do not handle 
beryllium are required to wear shop coats 
and company-furnished shoes while in the 
plant. 
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At the beginning of his shift, the man is 
issued a complete uniform, which he dons in 
the locker room, along with his shower 
clogs. He walks out to the shoe locker or 
change room, where he puts his clogs into 
his shoe locker and gets his plant shoes 
from his shoe locker, At the end of the 
shift, the man enters the change room, puts 
his plant shoes into his shoe locker, removes 
his clothing, dons his shower clogs, and goes 
through the shower to the locker room, 
where he puts on his street clothes. 

The which is 
placed in hampers in the change room, goes 


contaminated — clothing, 
to the laundry, which adjoins the change 
room, 

Though the change procedure all sounds 
very good, there has been the problem of 
high counts in the change room, resulting 
from crowded conditions and the throwing 
of contaminated clothing into hampers. This 
has been minimized by rearranging the 
lockers, the position of the hampers, and 
by increasing and changing the method of 
ventilating the room, 


5. Dermal Problems 

Qccasionally there are dermal problems 
which result from working with Bel*s or 
ammonium beryllium fluoride. Sometimes, 
a new employee will break out all over as 
though he has the measles, usually about & 
to 10 days after initial exposure. 

Skin contact with Bel’, usually will result 
in a localized rash. This does not usually 
happen with veteran employees who have 
learned that frequent washing of the hands 
and exposed body parts is necessary when 
Bel’s. 


employees transferred to the metal plant 


working with New employees or 
from some other phase of the operation will 


sometimes break out rashes 


around 
ankles or wrists as the result of getting 
their clothes wet with solutions containing 
small amounts of Bely. After this happens, 
they usually learn to work in a more hy 
gienic manner. 

The dermal problem, in general, is a 


matter of personal hygiene. If the men 


Donaldson 
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wash 


once or twice a shift and change 
clothes if arms and legs of clothes get wet, 


this problem almost disappears. 


6. Indoctrination of New Employees 


Next In importance to engineering and 
medical aspects in the control of a beryllium 
plant is securing the cooperation of the 
employees maintaining hygienic condi 
tions. ‘This 


of new employees. 


with the indoctrination 
The Medieal 


spends considerable time with each new 


starts 


Director 


employee explaining to him that beryllium 


may under some conditions be toxic. He 


does not want to scare the man, but the 


danger is not minimized. It ts pointed out 
to the employee stressed that if he 
works in a hygienic manner and follows the 
company rules for safe working practice, 
he will not contaminate the plant, and he 
need have no fear of occupational disease. 
The basic theme ts “respect for, mstead of 


fear of.” 


7. Working with Veteran Employees 


difficult to 


control arises in working with people who 


Another problem which ts 
have lived under uncontrolled conditions at 


the Lorain Plant. They deseribe how in 


Lorain the white oxide dust was at times 
so heavy as to obscure vision across. the 
room. These people are hard to convines 
that beryllium is) potentially toxie or, at 
least, potentially toxie to them, and they see 
no real need to control the plant down to 
2ng. per cubic meter. One way to get them 
to really work at reducing contamination is 
to set up some sort of competition, This is 
effective if the area in the plant in which 
they work is more contaminated than other 
areas. Probably the only thing that would 
press these people as to the potential 
toxicity of beryllium would be the occur 
rence of an occupational disease case in the 


group. No occupational disease cases have 


resulted) from our operations since con 


trolled conditions were adopted and the 
Lorain Plant was abandoned, in 1948. 
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8. Air-Sampling Program 


In order to measure beryllium exposure, 
there 1s an inplant, as well as an outplant 
sampling program. Both inplant and out- 
plant programs are never-ending and con 
tinuous. 

(a) Inplant Sampling. 


is sampled fully at least once a month. This 


tach operation 


means following the operator around with 
a sampler and getting breathing-zone con 
centrations on him as well as general air 
concentrations in his area. To be in control, 
general air concentrations should not be 
greater than 2.0ug. Be per cubic meter, and 
breathing-zone concentrations should not 
exceed 25g. per cubic meter. 
and 


Respirators 
fresh-air masks are available and are 
worn in operations where breathing-zone 
concentrations are known to be in the vicin- 
ity of per cubic meter or greater. 
However, in computing the daily weighted 
average concentration the exposure is as 
sumed without respiratory protection, be 
cause respirators may not be tight or the 
man may fail to wear respiratory protection 
all the time when he should. This is illus 
trated rather fully by an occurrence several 
years ago in the decontamination room in 
the Cleveland Plant, where it was manda- 
tory for a man working here to wear a 
fresh-air mask. One day a man was ob 
served working in this chamber wearing a 
fresh-air mask as required, but there was 
It had 


something sticking out the side of the face 


something peculiar about this mask. 
piece. Further investigation showed that, 
though the man was wearing a_fresh-air 
mask as required, there was a pipe sticking 
out the side of the face piece, hence render 
ing the mask ineffective and once again 
proving that the only way to be sure that 
operators are not getting large exposures 
air-borne contamination 


IS lo reduce 


through engineering means. 
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(b) Outplant Sampling.—The outplant 


sampling program in Elmore consists of 
four stations operated continuously. Since 


the winds are predominantly from the 
southwest, three of the stations are located 
in a_ northeast intervals of 
one-half mile, one mile, and two miles from 
the plant. Another station is set in a south- 
west 


direction, at 


mile 
Outplant results have al 
ways been well below the target of O.01pg. 
per cubic meter. 


direction about three-fourths 


from the plant. 


Since power is generally obtained from 


some farmer upon whose 


property the 
sampler is placed, these samplers are of 
necessity placed in some small center of 
population, which gives a good idea of the 
beryllium exposure of the neighborhood 
population. 


Summary and Conclusions 


In summary, it may be said that the prob- 
lems of a beryllium plant are as follows: 
(1) proper location of plant site; (2) prop 
er processes and equipment; (3) adequate 
local exhaust ventilation and air-cleaning 
equipment; (4) keeping beryllium out of 
the workers’ homes; (35) dermal problems ; 
(6) indoctrination of new employees and 
working with veteran employees, and (7) 
operating an adequate air-sampling pro 
gram, 

The 
scribed. The remaining problem ts the most 
difficult job of all, the follow-up and cor 
rection of all unhygienic situations which 


major control problems are de 


show up as a result of air sampling. This 
is a full-time job, and it brings one in con 
tact with all segments of the organization. 
Without from 


everyone, control would not be possible. 


follow-up and cooperation 


It is simply a matter of teamwork, and 
everyone in the plant has to be on the team. 


The Brush Beryllium Company 
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Problems in the Safe Operation of Certain Beryllium- 


Using Processes 


ARTHUR EPSTEIN, B.S.M.E., Hazleton, Pa. 


The handling of beryllium and its com 
pounds requires careful and thorough prep- 
aration, yet such preparation need not be 
Actually, if sim 
plicity is made the keynote the opportunities 


complicated or costly. 


for success are greatly enhanced. Vor this 
reason some of the less technical aspects of 
control of beryllium-using processes are 
presented here. 

At a refining plant, such as the one at 
Hazelton, Pa., where beryl ore is taken 
down to metal, 
Workers 


must be supphed with clean clothing; con 


nuclear-grade beryllium 


several problems must be solved. 


taminated clothing must be washed ; exhaust 
ventilation systems must keep the air at 
concentration 


the maximum accumulation 


level for dust particles, and, to maintain this 
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condition, air sampling must be carried on 
routinely. 
The problem of clothing has been dealt 


with by supplying all of the production 
people with a complete daily change of 
clothing which includes shoes, socks, briefs, 
undershirts, coveralls, and caps. Figure 1 
is a view of part of the change house, look 
ing through a one-way turnstile from. the 
work-clothes locker room into the undress 
area. Except for shoes, no attempt is made 
to reserve the same clothing each day for 
any individual worker. The shoe lockers are 
standard units that have been easily modi 
fied for individual storage by the addition 
of expanded metal shelves. The top front 
louvres were sealed, and holes were drilled 
in the back at the lop. Then, by the appli 
cation of a simple canopy hood and a root 
exhaust fan, the entire umt is constantly 


under exhaust ventilation. 


1—Part of the 
change house, looking 
from work-clothes locket 
into the 


room undress 


area 
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lig. 2—General view 


of the plant laundry. 


All of the clothing is laundered each day. 
A general view of the plant laundry is seen 
in Figure 2. A 


standard commercially 


available extractor washer and dryer serve 


all needs quite adequately. This potentially 
high contamination area is always main 
tained at a slightly negative pressure by 
heavy exhaust ventilation in excess of 20 
air changes per hour. A tempered air fan 
and coil unit provide make-up air directly 
to this room. It was found necessary to wet 
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all soiled clothing before handling in order 
to minimize additions to the air-borne dust 
concentrations. This is done with small 
capacity spray nozzles located directly over 
the laundry carts. The sprays are run con- 
tinuously during a shift change. 

In the production areas where ventilation 
and dust collection are of major importance, 
the problem of disposal of collected material 
is often a difficult one to solve. Figure 3 
shows a standard reverse jet cloth collector 


Fig. 3.—Location of a 
standard reverse jet cloth 


collector 
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located judiciously after considering the 
The small tubular 
conveyor located directly beneath the rotary 


equipment it serves. 
valves carries the contents of the collector 
hoppers back up to the pulverized ore stor 
age bin and eliminates completely the need 
for manual handling. 

The location of a second colleccor of the 
same type prevents practical application of 
a similar waste-disposal method. The dust 
loading for this unit is comparatively ligh*, 
so the hoppers are discharged about twice 
a month. Figure 4+ shows that the collector 
is emptied into standard 55 gal. drums which 
can be fitted with a valved adapter permit 
safe feeding into” the How 


ting process 


Fig. 5.—Wet-cell  col- 


lector 


Epstein 


stream. Despite the 


operation, it is done 


infrequency of this 
carefully with close- 
fitting drum shrouds venting directly back 
to the collector being emptied. 


Some of the mist- and gas-producing op 


erations are exhausied to the wet-cell col 
lector shown in Figure 5. The spray water 
in this unit is recirculated until the concen 
tration is high enough to warrant pumping 
directly back to one of the leach tanks 
originally vented through this collector, This 
unit is pumped off onee a shift, and it has 
been found from experience that, while the 
liquor strength is low compared to the 
slurry in the leach tank, this small amount 
of added water does not affect the process 
Here again, it Is possible to eliminate com 
pletely the need for manual handling. 

Because beryllium compounds are com 
paratively light, the original duct design was 
3,500 to 
4,000 ft. per minute. Conveying velocities, 


based on carrying velocities of 


of course, are limited only to the designer's 
ability to find the quid pro quo of duct size, 
What 


ever the choice, however, modular construc 


pressure drop, and fan horsepower. 


tion of ductwork is worth considering. Such 


an arrangement permits Inspection, 


disassembly, and cleaning, and piecemeal re 


placement if necessary. At Hazleton where 


j 
— 
Fig. 4—Collector is emptied into standard 55 j 
gal. drums. 
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much of the sheet metal required interior 
protective coatings, 10 ft. maximum section 
lengths were chosen. The ductwork shown 
in Figure 6 is fairly typical. For straight 
runs up to 12 in, in diameter longitudinal 
joints are of double-lock seam construction, 


and girth joints are of the Van Stone type 


with flanged ends, slip-on “QO” rings, and 
The 


larger ductwork and the fittings and transi 


either rubber or asbestos gasketing. 


tion pieces of all sizes are of welded con- 
struction with angle rings welded at— the 
ends for transverse joining. All of the duct 
work is supported by wrap-around tension 


Fig. 7.—Onutplant sampler station protected with 
mailbox enclosure, 
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Fig. 6—Arrangement 


of ductwork. 


rity 


straps without peneiration of the duct walls. 
Capped nipples to accommodate Pitot tubes 
and sampling probes were included in the 
original fabrication of the ductwork. Al 
though the “balanced system’ concept was 
used as a basis for design, a number of 
blast gates were included at critical points. 
Some additional adjustability was achieved 
by specifying variable pitch sheaves for all 
fan motor drives. 

The effectiveness of the ventilation system 
can be determined only by an air-sampling 
program. lor both in- and outplant samp 
ling, the familiar Hi-Vol units are used. 


Fig. 8.—View of air-control laboratory. 


COMTROL La 
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entry is preceded by shoe cleaning, including 
stepping on a gelatinous mat. 

The need for sampling the flow stream 
is probably even more necessary in_ the 
nuclear-grade beryllium plant than in most 
other chemical industries. But the usual 


thief for dry powders and the plugging 
sample cock for slurries create too many 
problems. Figure 9 shows a diaphragm 
pump discharging slurry from a leach tank 
at a point where sampling is required. It 


was found that, if a small line were welded 
so that it pitched back to the header, plug- 


Fig. 9—Diaphragm pump discharging slurry. 
Fig. 10—Tube for sampling dry material in 
operation. 


Seven outplant stations are continu- 
ously, and the samplers are protected with 
the small mailbox type of enclosures seen 
in Figure 7. They are completely effective 
against the very real rigors of Hazelton 
weather, where there are only two seasons, 
winter and the Fourth of July. 

Analysis of air samples is carried out in 
a laboratory (Fig. 8) which is located within 
the production area. The need for extremely 


low background count is achieved by main- 
taining a heavy positive pressure within the 
air-control laboratory with the air supply 
passing through absolute filters. Access is 
restricted to laboratory personnel, and re- 


Fig. 11.— Final col- 
lector before discharge 
into the atmosphere 
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ging and the consequent difficulty usually 
created in freeing the line was completely 
avoided. Here again, simplicity in thought 
achieved a maximum in effectiveness. 

lor dry materials in a number of places 
a completely enclosed pipe has been  in- 
stalled, which includes an inner tube with a 
scoop end arranged to receive the material 
as it discharges from its generation point. 
The inner tube slides through a packed end 
fitting to a prepositioned stop which brings 
the spoon end over the bottom opening. 
Then by simply rotating the inner tube 180 
degrees, the sample is discharged into the 
sealed jar. ligure 10 shows such a sample 
tube in actual use. The unit is welded to 
the discharge chute of a cylindrical calcining 
furnace which serves to decompose beryl- 
lium hydroxide to the oxide. As the internal 
screw discharges material through a double 
valving arrangement into a tote box in a pit, 
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some of it falls into the scoop end of the 
sampling device. 

igure 11 is a general view of the final 
collector before discharging to the atmos- 
phere. Part of the manifold duct which 
receives the exhaust from the different in- 
These col- 
lectors terminate at this large cloth dust-tube 
unit, in which asbestos flock is used as a 
precoat medium. This last unit is itself 
maintained at a negative pressure with its 
fan located at the base of a 200-ft. high 
steel stack. 


plant collectors can be seen. 


Other protective measures undertaken at 
Hazleton might be discussed here, but these 
just described represent some of the most 
fundamental problems which have been 
solved by the application of direct and 
simple methods. 


The Beryllium Corporation. 
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RICHARD |. CHAMBERLIN, B.S., Cambridge, Mass. 


A relatively new application for beryllium 
metal is the manufacture of various guid- 
ance system components, such as gyros. This 
metal has been used for several years in 
this connection in the research and develop- 
ment program conducted at the M. |. T. 
Instrumentation Laboratory. Initially, of 
units were machined more 
economically by outside contractors, but by 
early 1957, the continued increase in the 
amount of beryllium used made it desirable 
to provide the 


course, the first 


machining facilities at 
laboratory site. 

The health hazards involved when machin- 
ing beryllium have been reported by many 
authorities,’ and several well-known articles 
have 


been written on suggested control 


programs.*> In general, these recommend 
the use of conventional ventilating systems, 
with specially designed hood enclosures for 
each machine. Most of the dust dispersed 
during the operations using these systems 
is kept from entering the workroom atmos 
phere, but the hoods and machines continue 
to be a problem for they often act as second- 
ary sources of contamination. It 1s the in 
tention to report here on a_ high-vacuum 
type of control system, 1. e., a system based 
on the principle of high air velocity but low 
air capacity. Two systems of this design 
are now being used successfully in Instru 
mentation Laboratory machine shops. 
Many 


considered before 


choosing this type of control. 


factors were 
It was of 
prime concern naturally to provide a vent 
system capable of controlling the potential 
health hazard by maintaining the air-borne 
beryllium dust concentration in the work- 
room atmosphere below the limits recom 
mended by the Atomic Energy Commission. 


Accepted for publication Oct. 30, 1958. 
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The Control of Beryllium Machining Operations 


In addition to the health protection require- 


ment, however, the nature and frequency 
of the operations to be performed also had 
to be considered. The work would be of 


an intermittent nature and in 


most cases 
would have to be held to very close toler 
ances, but no extremely high-speed opera 
tions, such as grinding or cut-off work, 
were contemplated. These stipulations meant 
that existing precision machine shops and 
shop equipment would have to absorb the 
work, since special areas or separate equip- 
ment would not be economically feasible. 
Since these shops would continue to do 
work on metals, 
it was not desirable to equip the machines 
with bulky or permanent hoods. A limita 
tion was also imposed on the amount of air 


that 


various other nontoxic 


could be exhausted, for, as in most 
precision shops today, these areas are air- 
conditioned. To satisfy these conditions, a 
high-vacuum type of control seemed the 
most suitable imstallation, 

One additional problem that presented it 
self that the 


machinists in one of the shops had existing 


was two of experienced 
lung conditions which our medical depart 


ment advised would require their being 
transferred to other areas unless background 
beryllium concentration levels could be kept 
to a 


minimum. It was agreed that these 


would be transferred to other 
while beryllium machining was performed, 
pending final evaluation of the control pro 
vided by the high vacuum system, 


men areas 


Machine Shop 


One of the machine shops where beryllium 
work is done is shown in Figure 1, and 
the arrangement of machines and overhead 


vacuum line can be seen. The recording 


instruments indicating room temperature 
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and relative humidity can be seen along the 
right-hand wall. The room temperature is 
maintained at 68 to 70 F and the relative 
humidity between 40% and 50%. The con- 


ditioned air diffuses into the room from 
ceiling level and is drawn from the room 
at floor level along the right-hand wall. The 
walls are of glazed Masonite construction. 
Since both shops and their control systems 
are very similar, the rest of the data con- 
tained in this paper will be based on opera- 
tions conducted here. 


Vacuum System 

The high-vacuum system used consists of 
a 10 H. P. Spencer multistage vacuum pro- 
ducer, a tubular cloth bag type of separator 
which is 30 in. in diameter and has 51. sq. 
ft. of filter area, a 3 in. vacuum line to the 
shop, and a 5 in, vent line which extends to 
a point 5 ft. above the roof. This vent line 
is provided with a back-flow damper located 
just beyond the producer outlet. 

The 3 in, main duct is equipped with 
spring-loaded, flap-type valve connections 
located so as to be available for each ma- 
chine. outside- 
diameter flexible hoses are used to connect 


One one-half 
the nozzle inlet attachments to the main duct. 


The vacuum producer and separator ( lig. 


2) are located outside on the roof of the 


adjacent building. The producer and direct 
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Kig. 1.—Arrangement 
of machines and overhead 
vacuum line in machine 
shop where beryllium 
work is done 


connected motor are enclosed for protection 
against the weather. The separator has a 
removable bucket hopper, and the release 
lever as well as the ports for checking or 
replacing the filter bags are chained and 
locked. The safety officer at the laboratory 
is the only person who has keys for these 
locks, and a definite program has been set 
up for separator maintenance. This program 

2.—Location of 


separator, 
4 


vacuum producer and 
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BERYLLIUM MACHINING OPERATIONS 


Fig. 3.—Adapter nozzle 
for automatic thread-cut- 
ting operation. 


includes requiring the operators to wear 
coveralls, gloves, and an approved respirator 
and that a member of the Occupational 
Medical Service be on hand to take air 
samples if the separator is to be opened. 
The producer will handle a wide range 
of air volumes at a fairly uniform pressure 
over its operating range. Measurements in 
dicate that up to three outlets equipped with 
in. 


nozzles can be used simultaneously on this 


outside-diameter flexible hoses and 


system. The air volume exhausted with one 
outlet open is 150 cfm; with three outlets 


Chamberlin 


total 
hausted, 1. 


open, a 


360 
per 


volume of cfm is ex 
120 outlet. Inlet 
velocities under these conditions range from 
11,000 to 14,000 linear feet per minute. This 


range is well in excess of any work surface 


cfm 


or tool speeds used in the shop and there- 
fore provides an excellent capture velocity. 


Nozzle Attachments 


Various lucite adapter nozzles have been 
fabricated for each machining operation. 
These nozzles, used in conjunction with the 


Hexible hose, make it possible to maintain 


hig. 4.— Adapter nozzle 
for outside-diameter turn 
ing of a berylhum gyro 
component, 
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Fig. 5.—Various 
adapter nozzles for lathe 
work, 


close proximity between the vacuum system 
inlet and the tool or stock, as shown in 
ligures 3, 4, 5, and 6. 

In Iigure 3 an automatic thread-cutting 
operation is being performed on a_ lathe. 
The lucite nozzle has been made so as to fit 
over the beryllium stock and slotted to ac- 
commodate the high-speed cutter. This op- 
eration is being done dry and is actually 
enclosed within the nozzle. This arrange- 
ment prevents the air disturbance caused 
by the high-speed cutter from interfering 
with good ventilation control. 

The turning down of the outside diameter 
of a beryllium gyro component is shown in 
Figure 4. 
the approximate diameter of the float and 


The nozzle has been curved to 


slotted to fit over the cutting tool, and the 
adapter is attached to the carriage by means 
of a magnetic stand. This allows the nozzle 
to follow the cutting edge automatically, 
eliminating the need of constant adjustments 
by the operator. 

In Figure 5 a nozzle has been devised 
which fits over the stock but has been cut 
back so that end cuts or cut-off work may 
be performed. Again, the work is almost 
entirely surrounded by the nozzle. Two 
other inlet nozzles for special lathe work 
and which can be fitted into the transforma- 


tion piece are also shown. 
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small 


drilling, tapping, and various jig-borer op- 


flared circular nozzle used for 


erations is shown in Figure 6. This nozzle 
partially surrounds the tool. Similar nozzles 
have been made for milling, slitting, and 


other machine work. 


Fig. 6. 
various jig-l 


Circular nozzle for drilling, tapping, and 
operations 
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Special Operations 


The only operations performed in the 
machine shop that were not completely 
adaptable to this type of small nozzle con- 
trol were those of precision honing and 
deburring. 

The honing is performed wet on a Sunnen 
Precision Honing Machine. The oil used 
in this operation is automatically recircu- 
lated. Originally, each time the machine 
was to be used for beryllium work, a sepa- 
rate catch basin and reservoir had to be set 
up. In this way, the oil containing beryllium 
was kept from contaminating the regular 
oil supply. However, this meant storing the 
oil used for beryllium until the next run 
or disposing of it. To reduce the amount 
of oil used or wasted, a separate honing 
machine is now available and is used only 
for beryllium work. The separate machine 
allows the operation to be performed using 
the regular oil recirculation system, and the 
oil need not be replaced until it is truly 
contaminated. During honing, the oil itself 
provides good control by entraining the dust 
produced, 

Trial use of a flexible vacuum line close 
to the spindle caused oil droplets to be car- 
ried into the hose. So to prevent possible 
clogging of the main line or separator, an 
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enclosure was provided (Fig. 7). A tele- 
scoping hood was built around the spindle, 
and the top section was made of transparent 
The hood is 
attached to the main vacuum line by the 
usual flexible hose. 


material for better viewing. 


The hood is extended 
when in use, and the actual face opening 
is 1.5 sq. ft. The airflow exhausted for 
this operation is 150 cfm; thus, an average 
control velocity of 100 lfm. is maintained 
through the face opening. 

The beryllium parts are deburred, using 
a flexible shaft and holder which is similar 
to a dental drill. Various abrasive materials, 
such as silica, aluminum oxide, and silicon 
carbide, in the form of dises, wheels, or 
billet shapes are used. These are mounted 
in the holder, and the operator views the 
actual deburring through a microscope. 

The deburring cabinet (lig. 8) encloses 
the operation, and a vacuum line connected 
to the cabinet has been extended to the area 
where the tool and part are held. The bell 
shaped nozzle was covered with a screen to 
prevent small parts from being drawn into 
the system. The top section is made of plate 
The 


center plate in the base of the cabinet can 


glass and is removable for cleaning. 


be removed to give more depth when debur 


ring larger parts. Two 6% 4 in. hand ports 


Fig 7.— Telescoping 


hood on honing machine. 
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hig. 
ing deburring operation. 


Cabinet enclos- 


on either side of the cabinet provide the 
operator with ample access to the work area. 
The total air flow for this cabinet is also 
150 cfm, so that a velocity of 500 lfm ts 
maintained through the hand ports. This air 
flow prevents air-borne dust from leaving 


the cabinet; however, drag-out of 


large 
particles by the operator's arms is possible. 


been in- 
structed to remove the hose from the rear 


To prevent this, workers have 
of the cabinet and vacuum the area after 
each operation. A new deburring cabinet is 
now being constructed and will incorporate 
some minor changes. The rear section will 
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be higher, so an actual dental drill arrange- 
ment can be used. This will reduce the 
present hand strain experienced by the op- 
erators. The amount of air exhausted and 
the size of the hand ports will be the same, 
but a deep well with a down-draft exhaust 
grill will replace the present cone-shaped 
nozzle. 


Evaluation of Control 
To evaluate the effectiveness of the con- 
trols provided, beryllium air samples have 
been collected during each operation per- 
formed, These samples were taken at the 


Fig. 9. — Air-monitor 


installation 
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BERYLLIUM MACHINING OPERATIONS 
TABLE 1.—Operational Sample Results * 


Operation 


Range Average 
Various lathe work 0.002-0.50 0.05 
Milling 0.02 0.08 0.04 
Drilling 0.01 -0.03 0.02 
Honing 0.002-0.83 0.07 
Deburring 0.004-0.008 0.005 
Slitting saw 0.01 0.03 0.02 


* Figures given in micrograms of beryllium per cubic meter of 
air. 


operator's breathing-zone level and were col 
Whatman No. 41 filter paper, 
using a high-volume sampler and a sampling 
rate of 16 cfm. 


lected on 


Background samples have 
also been taken, using this equipment. Now, 
however, routine background samples are 
taken, using small 1% in. sampling heads 
mounted directly in the vacuum line (lig. 
9). These monitors have been installed at 
four locations within the shop. Glass-mat 
filters No. H-93, manufactured by Holling- 
worth and Vose, are used as the filtering 
media. Sampling rates average approxt- 
mately 5 liters per minute, and the sampling 
rate is checked regularly with a rotameter. 
Glass filters were found to be much more 
satisfactory than other filters for this type 
of sampling, since they allow a much longer 
sampling time without clogging. A time log 
is kept to show the total hours that the 
system, and therefore the samplers, are in 
operation. All samples collected were an 
alyzed in the Occupational Medical Service 
Laboratory, with use of a modified morin 
fluorimetric The limit of  sensi- 
tivity for this method is 0.004ng. of beryl 
lium per aliquot or a total of 


method. 


0.02png. per 
sample. 

The results of 100 operational samples 
taken from April, 1957, to September, 1958, 
are shown in Table 1. The samples were 
all taken at the operator's breathing-zone 
level. The lowest and highest values found 
for each operation are shown. The honing 
sample which indicated a O0.83png. beryllium 
per cubic meter was obtained prior to in 
stallation of the hood enclosure. 


All of the levels found were well below 
Atomic 


the Commission recom 
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mended 


maximum permissible level of 
2.0ug. per cubic meter for inplant exposures. 
None of the exceeded 1.0ng. per 
cubic meter and only 2% exceeded O.1yg. 


per cubic meter or 5% of the M. A. C. 
The results of 48 general air samples 


levels 


taken at the four stations previously re 
Table 2. Of all the 
samples taken, none exceeded a level of 
O.lag. per cubic meter or 5% of the inplant 
permissible levels and only 17% exceeded 
the maximum permissible limit of O.Olpg. 
per cubic meter recommended by the A. EF. 
C. for neighborhood or general atmosphere 
levels, 


ferred to are shown in 


The low work-room levels reported here 
are based only on the time that operations 
were actually being performed, and no ef 
fort has been made to correct them on a 
weighted basis. This additional safety factor 
means that the the 


operators are noted 


actual exposures of 


even less those 


here. 


Health Program 


The over-all occupational health program 
in effect at the laboratory includes medical 
control, good housekeeping, and educational 
phases, as well as the engineering and 
monitoring program. Preemployment phys 
ical examinations, including chest x-rays, 
are required of all personnel who will work 
with beryllium. Yearly chest x-rays and 
periodic follow-up medical examinations are 
also required, 

Good housekeeping rules are strictly en 
forced. The velocities used in the high 


vacuum system help this regard by 


Taste 2.--General Air Samples 


Location Range Average 
Station | (near jig <0.00240.004 <0.004 
borer) 
Station 2 (center of <0 004-01 <0.02 
shop) 
Station 3 (honing area < 0.004 0.02 <0.004 
Station 4 (deburring <0.002-0.004 <0.004 


urea) 


* Figures given in micrograms of beryllium per cubic meter of 
air. 
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A. 


minimizing the usual sources of secondary 


contamination, for machines, tools, and parts 
are constantly being cleaned when the sys- 
tem is in use. Each operator however, gives 
the area, machine and part, a final cleaning 
after each job using the beryllium vacuum 
line. Routine cleaning of areas and ma- 
chines after materials other than beryllium 
have been processed is achieved by use of 
the regular building maintenance vacuum 
system. 

Laboratory-type smocks are provided for 
each operator, and these are changed weekly. 
Adequate washing facilities also have been 
made available within the shop area. 

Persons working with beryllium are kept 
advised of the results of all survey work, 
and the need for their assistance in main- 
taining a healthful work area is continually 
stressed. A copy of the rules set up by the 
Laboratory for use and maintenance of the 
vacuum system and a copy of the beryllium 
hazard sheet prepared by the Occupational 
Medical Staff have been given to all con- 
cerned. Each operator is also required to 
keep a separate log on the time spent doing 
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beryllium work and these are then period- 
ically entered into the master log book for 
the shop. 


Summary 
We have found that beryllium can be 
machined safely when a complete, well- 
defined health program is 
instituted. The use of a high-velocity, low- 
capacity ventilating system affords excellent 
control of the dust dispersed from machin- 


occupational 


ing operations, if the system is properly 
applied. 
Medical 


Insitute of Technology. 


Occupational Service, Massachusetts 
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Review of Control Problems in Operations Using 


Various Beryllium Compounds 


F. J. VILES Jr., M.S., Cambridge, Mass. 


A piece of beryllium metal lying on the 


oor undisturbed is a hazard to no one. 
However, this material or any compound of 
beryllium subjected to certain surroundings 
or operations can result in the release of 
sufficient air-borne material to present a 
hazardous exposure to personnel. To answer 
the question, “When is control needed 7”, 
it is necessary to understand the cireum- 
stances which can give rise to amounts of 
air-borne beryllium exceeding the maximum 


allowable concentration ( MAC). 
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Mechanics of Contaminating Air 


olatilization_The vapor pressure and 
temperature relationship for beryllium metal 
according to the Clausius-Clapeyron equa 
tion are given in Figure 1, with vapor pres 
sure as the abscissa and 1 over the absolute 
temperature as the ordinate.’ Two ab 
scissa scales are used to permit use of a 
wide temperature range for this senlog 
arithmic relationship. lor narrow tempera 
ture ranges, these plots are straight lines. 
ver wide ranges these lines show relatively 
small curvatures, which are often ignored 
in approximating unknown vapor pressures 
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Vapor pressure of beryllium metal correlated with reciprocal of absolute temperature 
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at other temperatures, as indicated by the 


dotted line shown. In this case, however, 


there appears to be a minor discrepancy, 
since the extrapolated line must pass 
through the boiling point at 760 mm. and 
2,970 C, 


different from that of the known data. 


which results in a slope. slightly 
The 
vapor pressure corresponding to the present 
MAC of 2yg. per cubic meter is 4.14% 107° 
mm. of mercury and is the vapor pressure 
of beryllium metal at the : “10° value of 
0.863 corresponding to 885 C. Since this is 
saturation at this temperature, a condition 
hardly ever realized in_ practice, 
tures higher than 885 C would probably be 
MAC 


its vaporization. 


tempera 


necessary to give rise to above 
amounts of beryllium by 
The temperature required for a vapor pres- 
100 * the MAC is 1,060 C 


probably more realistic as the temperature 


sure of and is 
above which hazardous amounts of beryl- 
lium metal are likely to occur in actual use 
The volatiliza- 
tion of materials at high temperatures can 


from vaporization processes. 


_10°S 
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be deceiving, however. The original mole- 
cules evolved as vapor subsequently condense 
on cooling to give particulate matter called 
fume and, in the case of metals, usually the 
corresponding oxides. Air containing these 
oxides on further contact with the hot metal 
will literally pick up additional metal vapor, 
since significant amounts of the original 
vapor have been removed by conversion to 
the oxide, Even in inert atmospheres where 
no oxide formation occurs, air containing 
cooled particulate matter, when again in con- 
tact with the hot metal surface, receives 
considerably more of the metal vapor from 
the hot surface than by volatilization of the 
cooler metal fume already present. The net 
effect of this phenomenon is a loading of 
such atmosphere with amounts of  con- 
taminants, mostly particulate, sometimes 
much in excess of that predicted by the 
temperature-vapor pressure relationship 
shown. This phenomenon is of significance 
only where air or gas is recycled over hot 
surfaces, such as in molten metal recircula- 


(H20) 


pa Be/m> 


V.P. Be (mm Hg) 


big. 2—Vapor pressure of beryllium oxide correlated with reciprocal of absolute temperature. 
I 


158/240 


Vol. 19, Feb., 1959 


= 
| 

| 

x10° 
0.68 

| —_ 

1990°C 
| 
200 pg Be == 
| 
| — | 
| 
| 

| 

— 
0.01 | 
' 10 170 
ie 100 1000 


CONTROL PROBLEMS WITH BERYLLIUM 


tion processes and where there are tempera- 
ture differences in such systems. Confined 
air spaces above hot beryllium can exhibit 
this phenomenon, particularly where air 
temperature gradients are available to create 
air recirculation over the hot metal. In such 
cases, temperatures above 800-900 C should 
be considered potentially hazardous until 
determined to be otherwise by air analysis. 

‘igure 2 presents the same vapor pres: 
sure-temperature relationships for beryl- 
lium oxide with slightly lower ordinate 


10%. In this case, extrapo- 


values of 
lated data are used to determine the tempera 
ture at which the vapor pressure is equal 
to the MAC concentration. As noted, 
temperatures of 1,710 C and 1,990 C are 
necessary for saturation amounts of 2y and 
200 ng. 
is obvious 


te per cu. meter, respectively. It 
that 
problems of control of beryllium oxide only 


from these temperatures 


seldom involve” its vaporization under 


ordinary conditions. There is an exception 
to this statement, however, in that beryllium 
oxide exhibits an unusually marked increase 
in volatility in the presence of water vapor. 
The apparent vapor pressure of beryllium 
oxide in the presence of water vapor at 
1,400 C is 1.4 mm, of mercury,* correspond 
ing to a concentration of 0.68 gm. of Be per 
cu. meter of air. Obviously, the use of BeO 
at high temperatures in the presence of high 
percentages of water vapor must be con- 
sidered a most serious potential hazard, 
The with 
temperature of beryllium bromide, chloride, 


vapor pressure — variations 
and iodide are essentially the same and ean 
be represented by one curve,* as shown in 
ligure 3. The fluoride, however, is much 
different, as noted.° For the bromide, chlo- 
ride, and iodide, a temperature of only 108 C 
is necessary to reach the MAC at saturation, 
158 C is necessary for 100 * the 
MAC value. Obviously, the volatilization of 


while 


108°C. 


+ 


~ 


158°C 


200pQ9 Be 


525°C — 


200 pg Be “m3 


V.P.(mmHg) 


3.—Vapor pressure of beryllium halides correlated with reciprocal of absolute tempera 
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these halides at even moderate temperatures 
can present a real hazard if exposed to the 
air the worker breathes. Although the fluo- 
ride requires higher temperatures for similar 
concentrations, its vaporization nevertheless 
must warrant consideration at elevated 
temperatures, 

One beryllium compound cited the 
literature is of interest, namely, beryllium 
borohydride (BeBsHs), which has a vapor 
pressure of 9 mercury at 


This corresponds to a con- 


mm. of room 
temperature.* 
centration of 4.35 gm. of beryllium per cu. 
meter of air, or 2,000,000 times its MAC 
value. Lortunately in this respect, this ma- 
terial burns spontaneously on exposure to 
air, so that its use is restricted to inert 
atmospheres in totally confined systems. 
However, accidental release of this material 
would result in a most serious hazard to 
personnel, necessitating the use of full con- 
trol This 
material demonstrates that some beryllium 


measures whenever it is used. 
compounds can have unusually high vapor 
pressures. It is probable also that many 
organic beryllium compounds likewise dem- 
onstrate high vapor pressure relationships 
with temperature. 

Mechanical Dis persion.Many of our ex- 
periences with beryllium hazards have in- 
volved operations resulting in dispersion of 
beryllium or its compounds in the form of 
particulate matter. These dust-producing 
operations include cutting, sawing, grinding, 
sanding, polishing, crushing, and various 
machining operations. The application of 
beryllium metal powder in powder metal: 
lurgy and beryllium oxide in ceramics has 
also given rise to dusty procedures requiring 
control measures. 

Understandably, all of the dust produced 
from these operations is not necessarily 
hazardous, but rather only that which is in 
the respirable and air-borne particle size 
ranges. A parameter similar to vapor pres- 
sure for gaseous contamination, as an in 
dication of the amount of respirable dust 
from an operation, is not known, nor is it 
likely, because of the large number of vari- 
ables involved. However, any activity pro- 
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ducing dust is capable of liberating some 
respirable air-borne contamination and 
should be evaluated by air analyses before 
complete satisfaction is assured as to the 
safety of the operation or the control meas- 
ures adopted. 


Mechanics of Contaminant Entrainment 


The control of hazardous beryllium opera- 
tions almost always involves some form of 
exhaust ventilation, In order to understand 
the problems of control and how control is 
best achieved, knowledge of the mechanics 
of contaminant entrainment by an exhaust 
hood, particularly contaminant and air dy- 
namics, is necessary. These principles are 
not at all unlike those used for control of 
any air-borne contaminant, but an under- 
standing of their application becomes more 
important because of the very low maximum 
allowable concentration for beryllium com- 
pounds. 

Diffusion. 
of beryllium compounds from a source of 
contamination is a relatively slow process 
requiring entrainment air velocities of a low 
order of magnitude, such as 50-150 ft. per 
minute, as is the case with laboratory hood 
exhaust. 


Diffusion of gases and vapors 


This is not to be confused with 
the convection of masses of air containing 
entrainment of the 
mass of air becomes the primary problem. 
An example of the latter would be the con- 
vection of air from a hot beryllium process. 


contamination where 


Obviously, the control of any operation, re- 
gardless of the nature of the contaminant, 
must include control of the air mass assoct- 
ated with the operation. 

Particle Dynamics.—KEntrainment of par 
ticle contamination involves the subject of 
particle dynamics, particularly in relation to 
air-borne and respirable-size particles, 

Although beryllium has a low molecular 
weight of 9 and is one of the lightest metals 
(S. G. 
oxide 


1.85), its compounds, including the 


(S. G.= 3.025), possess significant 


densities. Assuming a mean specific gravity 


of 2.5 for beryllium compounds, the cal- 
culated distances traveled by various-sized 
spheres when projected into still air at a 
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Fig. 4.—Distances traveled by 2.5 specific gravity spheres projected into still air at 9,850 ft 


per minute; particle diameters 100g to 2,000u 


velocity of 9,850 ft. per minute (5,000 em. 
per second ) is presented in Figure 4. These 
calculations were made from the integrated 
equation equating the loss in particle kinetic 
energy consumed by its air resistance or 
drag-force energies. These equations have 
been well presented by Drinker and Hatch.® 
The 2,0002 (2 mm.) sphere travels ap 
proximately 80 ft. through the turbulent 
flow region to a velocity of 1,500 ft. per 
minute, then through the intermediate region 
to a total distance of 153 ft. and a velocity 
of 6 ft. per minute. The remaining travel 
to a total distance of 158 ft. and O velocity 
is in the laminar, or streamline, flow region. 
Similarly, the distance traveled by the 
1,000,., 5000, and 100m spheres are depicted. 
It may be observed also that a greater per 
centage of the distances traveled is in the 
lower velocity range. For example, it can 
be determined from these data that from 
1,000 to O ft. per minute velocity, the 2,000, 
particle travels 41% ; the 1,000, 36° ; the 


Viles 


and the 100n, of their re 


spective total distances. It may be con 
cluded that relatively large particles at even 
moderate velocities possess significant iner 
tial energies and behave essentially inde 
pendently of their air environment. It will 
that the terminal settling 
velocities (17t) in feet per second are high 


be noted also 
for particles of this size and are not what 
we would term “air-borne particles.” 

The settling velocities in feet per minute 
and projection distances in inches for 104, 
40n, and 100 particles under the same con 
ditions are shown in Figure 5, It is common 
knowledge in the field of industrial hygiene 
that the upper limit of size for respirable 
particles is around 10u. The total distance 
traveled for this size and weight beryllium 
sphere with an initial velocity of 9,850 ft. 
per minute 1s approximately 0.8 in., dem 
onstrating that for the purposes of particle 
entrainment, 


respirable particles in 


separable from the air in which they are 
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Fig. 5.—Distances traveled by 2.5 specific gravity spheres projected into still air at 9,850 ft 


per minute: particle diameters 10u to 100g. 


suspended. This is a basic concept justify- 
ing the use of smoke to indicate satisfactory 
control of ventilated operations giving rise 
to respirable dust. If the air at the source 
of contamination is completely entrained by 
an exhaust hood as indicated by smoke 
liberated at the source, it is clear that all 
respirable contaminants are adequately con- 
trolled. 

Secause of the high inertial energies of 
large beryllium particles, their entrainment 
by exhaust systems is often not possible. 
Although these materials are not hazardous, 
in that they are neither air-borne nor re- 
spirable, they provide a source of secondary 
contamination if allowed to remain on floors 
where they may be ground up into small 
respirable particles and thus give rise to 
significant air-borne concentration at a later 
date. Ventilated processes, designed to 
eliminate primary but ignore control of sec- 
ondary beryllium contamination, should be 
supplemented by frequent cleaning such as 
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is provided by daily vacuum cleaning of all 
floor areas. 

Air Dynamics.—The behavior of air or 
air dynamics at an exhaust opening can be 
well demonstrated by using the simple flexi- 
ble exhaust hose as an example. This means 
of exhaust is commonly used for small 
beryllium operations, such as machining, and 
its limitations and proper application should 
be clearly understood by all personnel con- 
cerned with its use. 

As with any exhaust hood or opening, air 
tends to converge on the hose opening 
equally from all directions, as shown in the 
upper right corner of Figure 6. The velocity 
at any point, X, in front of the hose may be 
approximated by dividing the total flow, Q, 
by the spherical surface area formed with 
NX as a radius. When a 4-in. diameter hose 
is used, the velocity at various distances 
from the face of the opening on the center 


line axis is plotted in terms of percentage of 
the average velocity at the entrance, V, and 
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Fig. 6. 


The 
solid velocity contours at the hose entrance 
and the solid line plot are based on the 
experimentally 


is represented by the broken curve. 


determined contours and 
equation by J. M. Dalla Valle? For practi- 
cal purposes, the simplified version of total 
flow divided by spherical surfaces is suf- 
ficiently accurate in determining exhaust 
velocities at distances greater than half the 
diameter in front of the hose opening. If 
an entry velocity of 4,000 ft. per minute is 
used and it is recognized that room air con- 
vection often equals 50-100 ft. per minute, 
it is that distances greater than 2 
will not control even the 
sedentary of operations. 


clear 
diameters most 
In this case the 
velocity is less than 2.59% of 4,000, or less 
than 100 ft. per minute. The use of the ex- 
haust hose is restricted to what are essenti- 
ally point sources of contamination, and its 
efficiency of control rests heavily on its 
nearness to the source of the beryllium con- 
tamination, 


Wiles 


X=inches 


Air velocity contours and axial velocities at entrance to exhaust hose 


Control of Point Sources of Contamina 
tion.—The use of the flexible hose affords 
an excellent example for demonstrating the 
application of particle and air dynamics in 
controlling beryllium contamination from a 
point source such as a lathe-turning opera 
tion (Fig. 7). 

A rotating billet: or piece of stock will 
create air velocities due to the air-drag 
forces at its surface. The velocity at dif 
ferent distances out from the billet surface 
may be represented by the plots in the two 
top sketches. In this case, the direction is 
downward. the nature of the 
cutting process, the large particles with high 
inertial energies will disperse in a direction 


Because of 


opposite to rotation, in this case upward. 


Particles with essentially no mertial energy, 


respirable and air-borne matter, will follow 
the air currents around the rotating stock. 
In the second set of sketches, an exhaust 
hose is brought up to the nonrotating stock, 
resulting in the air velocities plotted at dif 
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Satisfactory Control 


Particle dispersion and control of primary and secondary contamination from a 


fathe operation by means of an exhaust hose (diameter: 4 in.). 


ferent distances from the stock surface. In 
this case, the velocity is upward and oppo- 
site to that produced by the rotating stock. 
The combined effect is pictured by the third 
set of sketches which demonstrates the ex- 
tent of control by each of the two arrange 
ments. The poor control set-up captures 
some, but insufficient amounts, of the pri- 
mary contamination and only that secondary 
contamination which happens to disperse 
into the opening of the hose, The satisfac 
tory control, although permitting the escape 
of a small amount of fine dust, provides 
levels of contamination in the breathing zone 
of the worker which are satisfactory ac 
cording to air analysis. As with the poor 
control arrangement, a large amount of sec 
ondary contamination is allowed to escape. 
The zone of no control in each case is in- 
dicated by the distance from the surface of 
the stock (S 


on the abscissa. 


0) to the 0 velocity intercept 
A sound and primary ob 
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jection to the use of the flexible exhaust 
hose is the great importance of proper posi- 
tioning, which is usually left to the discre- 
tion of the operator. Employee education 
on its proper use is a prime requisite of 
good control with this type of ventilation. 

The effectiveness of the small vacuum 
hose described by Chamberlin * becomes ob- 
vious from Whereas the 
4-in. diameter hose shown is providing con- 
trol velocities of approximately 300 ft. per 
minute in the vicinity of the cutting tool, 
the high vacuum hose with the hood design 
around the tool provides control velocities 


around 11,000-14,000 ft. per minute. With 


these sketches. 


this latter arrangement, secondary as well 
as primary contamination is very efficiently 
controlled. 


Also, the vacuum system re- 
quires approximately 100-150 cfm in con- 
trast to 350 needed for the 4-in. 
diameter exhaust, an important factor if air 
cleaning of the exhaust air is required or 


cfm 
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CONTROL PROBLEMS WITH BERYLLIUM 
Machining Surface Speeds 


Be Metal Conventional 


Operation Surface Ft/Min. Surface Ft/Min. 


Lathe turning 
6 in. D Billet 275-315 (dry) 47-605 (wet or dry) 
lin. D Billet 127 (dry) 
Surface grinding 2,600 (wet) 6,000 
Thread grinding 3,300 (wet) 
Cylindrical grinding 


(wet) 
9,000 (wet) 


Stock 386/D (inches) 100 (wet) 193/D (inehes) 50 


(wet) 
Wheel 6,000 


6,000 
5,950 
12,000 


Wheel to stock 5,900 
Cut off wheet 12.000 


air conditioning is involved in the work — flexible exhaust hose when properly posi- 


area, tioned. The high speeds for surtace and 

There are many beryllium operations con- thread grinding of beryllium eliminate the 
sidered as point sources of contamination use of the flexible exhaust hose but do not 
for which the flexible exhaust hose or even — rule out the possible application of the high 
the high-vacuum exhaust are not suitable vacuum hose. Since these operations are 
means of control. In these cases, the sur- usually done wet, the problem of lubricant 
face air velocities are unusually high, mak- — entrainment before it has served its purpose 
ing entrainment most difficult. may present a serious objection to control 

The surface air velocities of operations — by this technique. Cylindrical grinding and 
may be indicated by work surface speeds, cut-off wheel operations present such high 
which are tabulated for some operations surface velocities that it is unlikely that 
(Table). Generally, surface speeds are these operations can be controlled even’ by 
lower for beryllium than they are for con- — high-vacuum exhaust. As may be expected, 
ventional materials, which tends to help mat- high-energy operations such as these are 
ters. Lathe turning requires relatively low usually controlled by ventilated hoods and 
surface speeds, explaining the success of the — enclosures. 


Fig. &8—Exhausted 
sennenclosure of surface 
grinder for beryllium and 
its oxide. Capacity 850 
cim, minimum face ve 
locity (door fully opened) 
100 ft. per minute 
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Fig. 9% —Hood on 
thread grinder for beryl- 
lium. Capacity 700° cfm, 
average velocity 170 ft. 
per minute 


The surface grinder for beryllium and its 
oxide, shown in ligure 8, is controlled by 
an enclosure exhaust containing a_ sliding 
door, as shown on the left of the opening, 
Part of 
the exhaust is provided by the flexible ex- 


to provide excellent confinement. 


haust hose shown attached to the inside 1m- 
battle movable 
carriage. Another exhaust line, not visible, 


pact hood located the 


is located in the right section of the hood. 
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A successful hood for a thread-grinding 
machine is shown in Figure 9. The lubri- 
cant spray and excessive air turbulence are 
partially enclosed by the streamline hood 
cover and removable carriage baffle plate 
shown, The amount of oil mist formed is 


so great that an electrostatic precipitator, 
just perceptible in the background, is used 
to clean the air before it enters the exhaust 
duct. 


Fig. 10.— Exhausted 
enclosure for high-speed 
cut-off wheel for beryl- 
lium materials. Capacity 
400 cfm. 
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CONTROL PROBLEMS WITH BERYLLIUM 


A typical ventilated enclosure of a high- 
speed cut-off wheel for beryllium materials 
is presented in Figure 10. The front face 
is hinged to permit stock and wheel adjust 
ment before use. 

igure 11 shows the same machine in 
operation, with the operator controlling the 
machine through the armhole provided. In 
this case, a nonberyllium = pyrophoric ma 
terial is being cut to provide sparks so that 
the high dispersion velocities of the con 


Fig 12 Application 
of flexible exhaust hoses 
for controlling automatic 
hacksaw for beryllium. 
Capacity 350 per 
hose 


Fig. 11.— Exhausted 
cut-off wheel in use 
Capacity 400 cfm 


tamination can be observed. The sparks on 
the wheel periphery help outline the cut-off 
wheel 


demonstrate the flow of 


tamination around the wheel. 


and con 


Automatic hacksawing of beryllium is a 
relatively slow operation resulting in low 


contaminant dispersion velocities permitting 


use of the flexible exhaust hose, as shown 
in ligure 12. Two are employed to assure 
control on both sides of the blade during 


cutting. The flexibility of this type of con 


167/249 


—-° 
ocd 
$ 
F 
Viles 


Fig. 13.— Exhausted 
enclosure for beryllium 
lathe operations. Capac- 
itv 350 cfm. 


trol is an advantage whenever various types 
and sizes of pieces are to be sawed. 
Means other than the flexible exhaust hose 
for ventilating lathe operations on beryllium 
include various hoods ranging from partial 
to practically complete enclosure (Tig. 13) ; 
the more complete the enclosure, the less 
exhaust air required, However, as with all 
due consideration 
must be given to the worker's movements 


ventilated installations, 


to assure a practical design that meets with 


the worker's approval. 
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In all hooded arrangements, contamina 
tion of the inside of the enclosure intro- 
duces another problem. Since beryllium is 
machined dry in many cases, resulting in 
weak adherence forces of dust deposited on 
surfaces, decontamination of all parts is 
strongly recommended before their removal 
from these ventilated facilities. To mini- 
mize the deposition of respirable and. air- 
borne dust, a reasonable number of air 
changes should always be provided exhaust 
hoods and enclosures. 


hig.  14.— Laboratory 
hood exhaust for control 
of beryllium oxide cruci- 
ble preparation, Capacity 
850 cfm, face velocity 105 
ft. per minute 
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CONTROL PROBLEMS WITH BERYLLIUM 


Control of Multiple Sources of Con 
tamination.—lor varied or multiple sources 
of contamination, particularly those involy 
ing sedentary or low-energy beryllium oper 
ations, variations of the common laboratory 
hood and proper baffling so as to provide 
the 
hood face have many applications. In these 


uniform and horizontal velocities at 


cases face-air velocities around 100° ft. or 
more per minute are usually necessary to 


overcome hood exhaust interference by 


Fig. 16—Hood exhaust 
for control of vacuum 
furnace unloading opera- 
tions. Capacity 1,100 cfm, 
average face velocity 120 
it. per minute. 


Viles 


Fig. 15.—Simple ex- 
haust hood for control of 
vacuum furnace loading 
operations. Capacity 1,110 
cfm, average face veloc- 
ity 120 ft. per minute. 


room-air correction, For high-energy proe 
esses, however, face-air velocities must nec 
essarily be increased to values. sufficient to 
retain essentially all air-borne contamination 
within the hood proper, 

In Figure 14 a beryllium oxide crucible 
making operation involving a Mueller ma 
chine, sieve, and vibratory feed are located 
in this type of hood. Although the mould 
but at the 
adequate control is achieved primarily be 


is located outside hood face, 
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cause of the wet nature of the oxide dust 


at this final phase of the operation. 

Although vacuum-melting beryllium metal 
is a safe operation, loading and unloading 
the furnace creates fairly high amounts of 
air-borne dust. The loading area can be 
well controlled by laboratory-type hood en- 
closures, as shown in Figure 15. The cus- 
tomary baffle-plates are eliminated this 
case so that high velocities are available at 
the duct openings to permit cleaning of 
crucible covers and furnace parts, as well 
as gloves and hands, before their removal 
from the hood. 

The enclosure for the billet-unloading sec- 
tion of the same vacuum-melting apparatus 
is presented in Figure 16. The size of this 
hood is sufficiently large to permit the use 
of a lift truck for heavy billets. 

Powder-pressing operations of beryllium 
materials require well-designed ventilation 
facilities because of the production of large 
amounts of air-borne dusts. One of the 
serious problems arising from this operation 
is the transfer of dust to the outside of the 
hood by the contamination on the operator's 
arms when he operates the press after the 
powder-loading procedure. 

To minimize this transfer, the hooded 
enclosure is equipped with a sliding front 
panel containing arm ports. All work is per- 
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Fig. 17—Enclosure ex- 
haust for beryllium pow- 
der packing and pressing 
operations. Capacity 1,050 
cfm, 


formed with the panel in place, as shown in 
igure 17. The introduction of clean air 
into the system near the worker’s arms and 
the partial cleaning provided when the arms 
are removed through the relatively high air 
velocity curtain at the ports minimize this 
transfer. Air samples of this operation re- 
vealed satisfactory conditions. 


Summary and Conclusions 


Discussion of the conditions which give 
rise to air-borne beryllium and its com 
pounds and the dynamics of beryllium con- 
tamination is presented. The theory of local 
exhaust ventilation for primary and_ sec- 
ondary contamination control and the ap 
plication of various types of exhaust hoods 
for point and multiple sources of contamina 
tion are reviewed. 

It is concluded that the following steps 
should be taken in investigating the need and 
type of control for beryllium operations: 

1. Establish the need for ventilation by 
considering the vapor pressure of the ma- 
terials used and the dust-dispersion  proc- 
esses involved. When in doubt, take air 
samples, if possible, protecting personnel 
during this period. 

2. Determine the type of ventilation 
needed by considering the following items: 
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CONTROL PROBLEMS WITH BERYLLIUM 


(a) source of contamination (point or mul- 
tiple); (6) contaminant dispersion veloci- 
ties; (¢) mass of contaminated air inherent 
with the operation; (d) restrictions in the 
amounts of exhaust air to be used (air 
cleaning, air conditioning), and (e)  sec- 
ondary contamination and its control. 

3. Establish adequacy of control measures 
adopted by suitable air analyses. 

Photographs of the operations presented were 
provided by Nuclear Metals, Inc., West Concord, 
Mass. 

Industrial Hygiene Engineer, Massachusetts In 
stitute of Technology. 
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Control of Neighborhood Contamination Near 


Beryllium-Using Plants 


LESLIE SILVERMAN, Sc.D., Boston 


Introduction 


The control of neighborhood air con- 
tamination near beryllium processing or 
fabrication plants is not essentially different 
from controlling toxic effluents from many 
operations. It differs from general metal 
lurgical and chemical operations because of 
the low limit that has been tentatively es 
tablished for permissible nonoccupational ex 
posures.' This value is per cubic 
meter, which can be compared with the 
workroom limit of 2g. per cubic meter, 
yielding a ratio of outdoor to indoor of 
1:200. This is not far out of proportion to 
other existing ratios in practice. lor exam- 
ple, in the case of sulfur dioxide an cight- 
hour working day permissible value of 5 
ppm (13 mg. per cubic meter) is used, and 
it is recognized that it is desirable to main 
tain outdoor concentrations to about 1, this 
value or 0.1 ppm (0.26 mg. per cubic meter ) 
in order to avoid phytotoxic damage to 
vegetation, Again in the case of hydrogen 
fluoride, HF, the inplant maximum accepta 
ble limit 1s 3 ppm (2 mg. per cubic meter), 
yet it has been reported that 0.1 ppm (0.067 
mg. per cubic meter) is capable of etching 
window glass on prolonged exposure. It is 
also well known that prolonged exposure to 
levels of hydrogen sulfide well below hy- 
gienic or odor values will cause paint dark- 
ening or yellowing, depending upon the 
pigment exposed. This represents an out- 
door-indoor 1:30. Comparable 
values may be given for many other agents. 


ratio of 
Recent Russian data? * have appeared 
which cite values for workrooms as well as 
Received for publication Nov. 26, 1958. 
Professor of Engineering in Environmental Hy- 
giene and Director of Radiological Hygiene Pro- 


gram, Harvard School of Public Health. 


172/254 


Comparison Between. Workroom 
Outdoor MAC * 


and 


MAC, Mg. 


Outdoor 
Daily Avg. 
(Ref. 3) 


Ratio, 
Outdoor to 
Workroom 


Workroom 
8 Hr. 

Pollutant (Ref. 2,3) 
Arsenite (inorganic 

without AsH 5) 
Carbon monoxide 2. 2.0 
Fluorides and HF ‘ 0.01 
Hydrogen sulfide 0.015 1:67 
Lead (inorganic) 0.0007 1:70 
Manganese and its 0.01 1:33 

compounds 
Mercury (metallic) 0.0003 1:30 
Sulfur dioxide 0.25 1:20 
Sulfuric acid 0.10 1:2 


0.003 1:100 


1:12.5 
1:100 


* Maximum Allowable Concentration 


outdoor atmospheric pollution levels. While 
the basis for establishing these is unknown 
and perhaps may be arbitrary, it 1s of in- 
terest to compare them for several common 
pollutants as shown in Table 1. Incidentally, 
values are not given for beryllium for either 
situation. 

It is also of interest to mention in passing 
that many of the Russian workroom values 
are considerably less than those of the 
United States. 

These examples are cited, not to make a 
comparison with the health aspects of oc 
cupational and nonoccupational exposures to 
beryllium, but to point out that engineering 
control for maintaining neighborhood levels 
far below inplant conditions has been re- 
quired for purposes. ‘The 
relationship of existing or permissible manu 


many other 
facturing area concentrations to the general 
environment outside the factory is often in 
the relationship of 1 to 100 or less. 

The present nonoccupational permissible 
concentration for beryllium exposure in the 


= 
as 
3 
>. Sa 


environs can be attained with reasonably 
economic methods. This is even more ap- 
parent, if the value of the product and its 
processing costs are used for a frame of 
reference. The degree of decontamination 
necessary for stack and other effluents is 
not comparable to other nonradioactive toxic 
agents (except for Tetlon decomposition 
products and pentaborane, for which the 
tentative present limits 


are reported as 


zero).! For these, obviously complete con- 
tainment would now be necessary. Several 
radioactive gases and particulates, of course, 
have far severer limits. 


Threshold Limits as Design Factors 
for Beryllium Operations 

The engineer designing or selecting con 
trol for a beryllium process or fabricating 
operation must have a known objective and, 
at the moment, must therefore apply the 
value of O.Olag. per cubic meter for neigh- 
borhood concentrations. Presumably, this 
limit is an average one not to be exceeded 
during off-plant limits for a 24-hour day. 
Beryllium metal, salt, and alloy 
usually “round-the-clock” 
whereas fabrication of parts or 


production 
are processes, 
structures, 
powder metallurgy, and similar operations 
can be conducted fractional-day basis. 
This, therefore, permits some flexibility in 
design criteria if the O.Olpg. is interpreted 
as a 24-hour average value. 

The present neighborhood limit as de- 
scribed by Eisenbud and his co-workers 
ranges somewhere between O.Olpg. and 
10-fold” safety 


factor is implied, which is large enough to 


per cubic meter. 


give reasonable control for production varia 
bles or breakdowns. 

the 
decontamination 


lf we interpret necessary control 
for 


given emission values, since ground level 


based on necessary 
concentrations are directly dependent upon 
mass emission, we find that higher collec- 
tion efficiencies are necessary. Thus, if 90% 
or a decontamination factor (DEF) of 10 1s 
satisfactory for O.lag., then 99% or a DI 
of 100 is necessary for O.O1pg., and, if 99% 
is successful for O.lag., then 99.9% or a DI 


Silverman 
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of 1,000 is necessary for the lower value. 

lf the improvement is to be obtained on a 
basis of increasing stack height it will be 
seen that the demands become very severe 
in this regard. For example, maximum 
ground level concentration 1s proportional to 
height in the following relationship, which 
i stack 
adapted from the maximum ground level 


is simplified dilution equation 


expression: 
K 
h? 
Where K is a constant containing all the 


xX max 


other parameters which are assumed as con 
stant, 

Henee, if ground-level concentration is to 
be reduced to V0 of a previously selected 
value then the stack height must increase as 
\/10 or 3.16 times. 

10-fold 


uence on the economics of the plant equip 


factor can have a severe in 


ment costs, and, obviously, if stack heights 
are more expensive than equipment cost and 
operation, the choice will be indicated in 
favor of the former. Since it is always de- 
sirable to provide some protection in case 
of accidental releases, a minimum stack is 
indicated, This is probably 100 to 150. ft. 
for large-volume beryllium-processing oper- 
ations, depending upon location and meteor 
ological conditions. 

The major factors to be considered in 
selecting equipment for effective contami 
nant containment are economics and operat 
ing characteristics. While highly effective 


collection devices are available, their 


capital and operating costs may make them 


now 


unacceptable in relation to the material pro 
duction costs, Further, the device selected 
should not interfere with production sched 
ules and operations. In the case of beryl 
lium, there are no serious problems created 
by either aspect. 

Beryllium contamination control equip 
ment will be considered in two categories 
in this presentation, Methods necessary as 
related to the production of beryllium oxide, 
metal, or alloys from beryl ore is the major 
category to be covered, and the other ts 
the fabrication and handling of components 
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utilizing beryllium and its alloys. General 
problems encountered in the control of pol 
lution from a recent nuclear-grade produc- 
tion facility will be described briefly. No 
extended discussion will be devoted to the 
problem of refractories, since 
these produce dusts which are not unlike 
other problems. The control approaches for 
fabrication of the metal and its alloys are 
also effective for refractory production and 
handling. 


beryllium 


Beryllium Production and Fabrication 
According to a recent text,® there are 
three processes for the preparation of beryl- 


lium: the fluoride process, which produces 
beryllium hydroxide and, when calcined, 
plus impurity; the Degussa proc- 
ess, producing BeCly product, and the sulfate 
process, producing beryllium hydroxide, 
which can be calcined to produce BeO. In 
this country, only the fluoride and sulfate 
processes have been developed on a com- 
mercial seale. Production of metal or al- 
loys is the same for either after the oxide 
is produced, This is done by conversion to 
beryllium fluoride, Bel’:, and thence to metal 
by magnesium reduction. A recent article 
by Higbie and Farmer? describes the ex- 
tractive process by the fluoride method for 
the Be(OH )s, which is the basis for the 
nuclear-grade metal plant for which controls 
will be described briefly. Eisenbud and oth- 
ers® give the essential steps in the sulfate 
process. 

teryllium fabrication can be considered 
as comparable to that of many low-ductility 
metals. The master alloy from which beryl- 
lium copper of various grades is produced is 
a melting process and, because of the pre- 
ponderance of the other metals with which 
the beryllium is alloyed, concern is neces 
sary only for the control of fumes from 
melting, pouring, and welding. The produc- 
tion of beryllium metal parts or sheets, at 
present, is by powder metallurgy. labrica- 
tion and machining of beryllium or beryl 
lium alloys may produce air contamination 
which can significantly affect the neighbor- 
hood only if done on a fairly large scale. 
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The chief neighborhood problems are asso- 
ciated with extractive processing, metal pro- 
duction, or alloy production. 

It is the last type of plant which requires 
consideration of site selection, emission con- 
trol and stack height. 


Methods of Neighborhood Contamination 
Control 


IXssentially, the necessary features for 
beryllium contamination control for environ- 
ments is not different from that for many 
other materials, In 
related to the methods 


employed for nuclear materials. In facilities 


hazardous many re- 


spects, it can be 
which are to be erected and which are in- 
tended to produce 100,000 Ib. or more per 
year of metal or oxide, serious consideration 
should be given to site selection, Selection 
of an area large and remote enough so that 
only subthreshold levels can be expected at 
the edge of the property line with well- 
chosen control devices will minimize future 
allegations of significant contamination. 
This is true, even though a new population 
develops close to the property line. The 
meteorological and hydrological factors as- 
sociated with the site are important, but 
often become secondary, relative to such 
basic items as transportation, acces- 
sibility, labor supply, and other factors. 
Poor meteorological conditions can be com- 
pensated to a large degree by the extent of 
decontamination incorporated into the plant 
design. 

In many instances, operations may be 
planned for installation in previously occu 
pied buildings with inadequate area protec- 
tion. In this case, it should be recognized 
early that additional protection must be in 
corporated in the design by use of greater 
decontamination factors in equipment selec 
tion and increased stack heights. 

After site selection, premonitoring to es 
tablish background values is necessary for 
reference purposes. 

In the selection and design of the control 
equipment it is necessary to consider many 
factors. The most important items affecting 
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TasL_e 2.—Particle Size and Distributions of Beryllium 
Specific Operations * 


Associated with 


Characterization of Size 
Distribution 


Mean Size, 


Operation Mg. 
Cleaning electrostatic 2-stage precipitator 
1.04 


Machining operations O13 


Overhead duct 

Floor duct 

High velocity duct 

Exhaust stack 

Beryllium fluoride, (BeF .) fume from furnace 
pouring operation, 10 ft. from opening 

Dust from beryllium ore treatment; sample 
taken 12 ft. from discharge of kiln 

Dust in melting department 

Dust at ore mill 

Dust at calcining furnace 

General foundry air 

At hot mill 

At Lancaster mixer 


0.12 
0.12 
0.13 
0.10 


0.36 
10 (mass) 
0.63 
0.75 
0.72 
0.50 
0.22 
0.12 
0.25 


* Items 1 through 6 from J.J. Fitzgerald.* Items 7 and 8, Handbook in Air Cleaning 


et al. * not identified as to composition. 

the equipment selection are the following: 

The particle parameters (size, distribution, 
shape, surface, characteristics, density) 

Loading, mass per unit, volume 

Nature of contaminant (hygroscopic, sticky, 

oxide, fluoride, ete.) 

Kind of process from which it emanates 

Presence of other gases or interfering par- 

ticulates 
6. Rate or frequency of production (continuous 
or batch operation ) 

These factors are paramount in the over- 
all approach to the problem, even though it 
is recognized that the most important factor 
in neighborhood dispersion is the total mass 
emission from the stack, It is obvious that 
all operations should be discharged to a 
central stack, if it is feasible; if not, a large 
number of small effective cleaning devices 
plus individual stacks may be necessary. 


Equipment Selection 
Since particle parameters are important, it 
is desirable to have some idea of the sizes 
and loadings which may be encountered. 
The data given in Table 2 are taken from 
the sources quoted in the footnotes. Since 
these represent air concentration values at 


(mass) 


2.3 (mass) 


Standard 
Deviation 
Method of Analysis 


Modified Caseade Impactor 


Filter paper and electron microscope analy 
sis of transparent materials (range 0.0154 
to O.5y) 

Filter paper samples (ILA and AA Millipore 
taken followed by light microscope analy- 
sis of the particulate material (includes 
particulate material other than beryllium) 

Not reported 


Not reported 


Owens-Jet and light field miecroprojector 


Remainder determined from data by Shilen 


or near equipment or processes, they indicate 
lower rather than upper limit values. 

For crushing, grinding, sintering, leach 
ing, caleining, and roasting, the particle 
sizes evolved should not be considered sig 
nificantly different from the handling of 
silicate ores. In addition, although beryllium 
is one of the lighter metals, it 1s still true 
that its compound specific gravities are not 
greatly different from others. lor example, 


beryl has a specific gravity of 2.66, very 


close to quartz (2.65). Beryllium oxide has 
a specific gravity as BeO of 3.03. Beryl 
lium fluoride, Bel’s, is 1.98; Be( OH 1.91, 
and BeSO,, 2.44. Compared with the metals 
such as iron, zinc, and lead it is lighter, but 
when compared with handling dusts and 
fumes from a pottery kiln or fused sihiea 
operation it is not significantly different, and 
customary conveying velocities can be used 
to collectors, 

Loadings from various operations vary 
widely, and the values, actual and estimated, 
given in Tables 3 and 4 indicate ranges 
from less than a microgram per cubic meter 


up to more than a gram. In Tenglish units 
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No. 
1.6 
2.0 
3 19 
4 2.1 
5 20 
6 2.1 
7 2.2 
8 2.6 
10 18 
1.8 
12 2.6 
13 2.6 
14 2.3 
J 
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Taste 3.—Performance of Atr-Cleaning Devices on Beryllium E ffluents 


Device 


Bag Beryl frit dust 


Bag Same 
Cyclone and Cottrell in series Same 


Reverse-jet BeO 

Venturi scrubber 

Packed Tower scrubber 
dust 


Packed Tower scrubber 
Packed Tower scrubber 


BeF: plus NH4F, 
HF, NH; 


Cottrell type precipitator BeF 


Low-voltage precipitator 


* Values in parentheses are ranges. 


Dust or Fume STP 


BeF fume with 
MeF: and MgO 


Be and BeO from 
machining 


Beryllium 
Loading, Mg/M# 


Beryllium 
Efficiency ,* 


266 95 


0.8 92.5 
12.5 87 
13 
8.34 99.88 
p. 8. est ly 
200-300 96.7 
(Total Loading) 


Be 1% (93.0-99.8) 


BeF sand BeNH.F: 27.2 92.5 


Be and BeF ; dust 0.2 61.3 
Be (OH): 


0.001-0.006 63.4 
0.003-1.02 


0.6-3.76 99.74 
(99.59-99.85) 


(0.01-1.9) X10-# Size w 


+ Peferences: 1. Data calculated from Eisenbud et al. * 
2. Handbook on Air Cleaning USAEC, Washington, D. C,, 1954. 


3. Unpublished data. 


75.1 (46.8-95.4) 


Remarks or References t 


Not reported except as dry grinding 
process ! 

Not reported except as frit heating! 

Sulfating mill making up charge ' 


6 bags 1.5 ft. diameter capacity 7,200 
cfm at 12.7 fpm filter velocity 

Resistance 2.8 in. H:O+* (mean of 3 
tests) 3,000 cfm. 

Resistence at 40 m. w. g.? 

Ammonium fluoride condenser. Scrub- 
ber details not given' 

Be melts crusher! 

1 in. Berl saddles—1 4 ft. deep-water 
scrub; vel. 2,000 fpm (2,000-4,000 cfm) 

Same as above but 5,800 cfm unit * 


(mean of 3 tests) too cfm 600 fpm to KV 
unit? 


Charging wire at 11.2 KV and plates at 
5.5 KV before cleaning‘ 


After cleaning 3 broken wires * 


Wires repaired ¢ 


4. Personal Communication, J. J. Fitzgerald, Knolls Atomic Power Laboratory, General Electric Company, Scheneec- 


tady, N. Y., 1958. 


Taste 4.—Recommended Cleaners for Beryllium Handling Operation 


Operation or Process Phase 


Ore handling, crushing ball milling, etc. 


Sinter furnace 

Leaching and hydroxide filter 
Sodium fluoride handling (No Be) 
Beryllium hydroxide dry 


Beryllium hydroxide dryer and calciner 


Beryllium fluoride mixer 
Beryllium fluoride furnace 


Reduction furnace 

Ball mill 

Magnetic separator 

Pickling 

Leach tank 

Machining powder metals handling 


Welding, heat treating 


Miscellaneous Jaboratory hoods 


Type of Cleaner 


Reverse-jet or shaking bag filter 
Wet cell or spray scrubber 
Same 

Same 

Reverse-jet or shaking bag filter 


Estimated 
Loading, Efficiency 
Grains per by Weight, * 

Cu, Ft. % 


Expected 


0.1-25 


Wet spray unit for cooling then to above unit 


Wet cell or spray tower 


Venturi or orifice scrubber or packed tower 


and wet Cottrell unit 
Same 
Wet cell washer 


Small cyclone units plus bag filter with 
asbestos filter aid 


Bag filter with filter ald and dilution air to 


bring temperature to <180F 
Roughing filter plus high efficiency AEC 
type filter 


9.1 tol 


0.1 tol 


0.001 to 0.01 


* Estimated for single-stage cleaning to be followed by over-all final bag collector with asbestos floats filter aid. 
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= 
0.2 
3404 
50 (0.6 
76 «12 
270.2 
380.4 
4 0.2 
60 04 
66 (0.6 
72012 
0.1 80 * 
a4 0.01 80 * 
0.5 80 * 
1.0 99 * 
0.01 80 * 
5 95 * 
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these range from 10~% to more than a grain 
per cubic foot. 

Obviously, the heavier loadings corre- 
spond to crushing, grinding, and ball milling, 
where the beryllium is in the combined form 
with no serious problems, and the lower 
values correspond to refined beryllium or 
concentrates. The beryllium effluents will 
actually increase in emission values as Be 
in the later steps in the processes, since 
concentration is inherent in the extraction 
procedures. 

On the basis of particle sizes and loadings 
the type of equipment recommended is 
shown in Table 4. There are, of course, 
some variations in selection, depending upon 
preferences for wet versus dry equipment. 
In the case of beryllium fluoride, a wet 
cleaner is necessary because of its hygro- 
scopic nature. Here a packed tower will 
with inert materials 
is not likely to occur, but, because of inert 


work, since plugging 


maintenance problems and the type of ex- 
posure during servicing or repacking such 
devices, | do not recommend packed towers 
for any beryllium operation as a first choice. 
Wet cells with high void volume (>90¢ ) 
will give the desired results in cases where 
loadings are low. Spray towers are also 
useful for such cases. 

The only difficulties encountered with bag 
collectors are corrosion or moisture prob- 
lems, which can be eliminated by proper 
choice of materials or ample dilution with 
unsaturated air. 

Two-stage precipitators which are basi- 
cally designed and intended for cleaning 
supply air should not be used on process 
cleaning, even as a roughing unit before 
“absolute” filters. They are hard to main 
tain in this application, and cause operator 
exposure during cleaning in many instances 
(Table 2). A higher efficiency filter than 
the coarse fiber-glass type, such as PI°316 * 
or 106 or G25 + or 50 bonded media or its 
equivalent, will be satisfactory for this pur 
pose. In some instances the finer media can 
serve as a final filter. 

* Owens-Corning Glass Co., Newark, Ohio 


+ American Air Filter Co., Louisville, Ky. 


Silverman 


Selection of a Final Collector and 
Cleaning Economics 

In the above sections, it has been stated 
that the choice of a final collector versus a 
stack will depend upon the degree of de- 
contamination necessary. If desired dilution 
under all conditions is less than 10, a stack 
may be adequate; for values greater than 
10 and as high as 1,000 can only be obtained 
at reasonable cost with a final collector. 

Where light loadings are involved and 
where collected material on the final filter 
would not exceed 2 lb. per year per 1,000 
cfm, an excellent choice is the so-called 
“absolute” or high-efficiency filter.” This 
device is admirable for small light machin- 
ing or This filter 
gives an initial decontamination factor of 
10° to 5> 
service because of the “dust plugging” phe- 
nomena. 


laboratory operations. 
10*, and improves with continued 


Such a system with cyclones in 
series with the filters for collecting coarse 
material has been described by Baumann." 

For heavier loadings we have experi 
mented at the Harvard Air Cleaning Labo 
ratory with the ultrafilter 
technique, which has been used for filtering 


bag collector 


atmospheric dust from air for operation in 
sewage works tanks. In this scheme, a layer 


of asbestos “floats” 1s placed on an ordinary 


bag collector with cotton sateen bags by air 
suspension from the hopper or inlet. These 
submicron fibers form an_ ettective high 
in. of 
water or less at 3 to 10 ft. per minute (cfm 


efficiency filter at low resistance——1 


per square foot of cloth area), 
5.—Effectiveness of Filter Aids for Low 
Particulate Loadings * 


Quantity of 
Asbestos on 
Filter Cloth 
Gr/Sq. Ft. 


Bag Resistance 
at 3 Cfim/ 
Sq. Ft. W.G 


Smoke 
Efficlency, ¢ 
per Cent 


0.098 
0.135 “49 
0.160 52.7 
0.170 
0.187 
0 202 
0.212 


* Data from NY 0-1590. 
1.2 droplets and optical penetrometer 
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0 
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Tas_e 6.—Reduction m Efficiency of Asbestos 
Flocked Bags During Shaking * 


Smoke 
Efficiency, t 
per Cent 


Time of Bag 
Shaking, 
Minutes 


Bag Resistance 
at 3 
Sq. Ft., W. G. 


Ot 
1.0 
2.0 
3.0 
5.0 
7.0 

10.0 

15.0 

20.0 

30.0 

40.0 


* Data from NY O-1590. 
+ 1.2¢ droplets and optical penetrometer, 
} Flocked with 194 grains of asbestos per square foot of cloth. 


Performance of these deposited layers 
was reported by us,'* and typical results are 
given in Tables 5, 6, and 7. It can be seen 
from these data on oil smoke of 1.2, that 
efficiencies well over 990 can be obtained 
at reasonable resistance values and that the 
flock can be readily removed with resultant 
reduction in efficiency, On other aerosols 


Cleaning Laboratory was sent to Los Ala- 
mos Scientific Laboratory for application on 
a beryllium-machining operation, where it 
has since performed successfully for several 
years. This was reported recently by 
Mitchell and Hyatt,’* who used asbestos 
loadings creating resistances of 0.3 in. of 
water. They found most effluent stack values 
below the MAC for breathing and bag col- 
lector efficiencies of 97% to 99%. 

On the basis of the data in Tables 5, 6, 
and 7, the same type of collector was ree- 
ommended and installed as a final unit for 
a primary beryllium producer. This was 
necessary because it was found that an 
extremely tall stack was predicted from 
meteorological data. This collector was to 
be used on effluents from several processes 
followed by collectors of the type shown in 
Table 4. The first collector identified, rather 
than the possible alternate, was employed 
for all but the last three items in this table. 

The total air volume exhausted was ap- 
proximately 75,000 cfm, including 60,000 
cfm process and 15,000 cfm make-up air. 


Taste 7.—Efficiency of Bag Collector* for Various Aerosols t 


Loading 
Gr/1,000 


Aerosol 


Atmospheric dust 

Uranium trioxide microspheres 
Copper sulfate microspheres 
Aluminum chloride fume 
Ammonium bifluoride fume 
Ammonium bifluoride fume 
Tale 


0.1-6.0 § 


Bag 
Resistance 
Cfm/Sq. Ft. Bag 
In. W.G Treatment 


Median 
Size by 
Count, 


Weight 
Efficiency 
per Cent 


Asbestos flocked 

Asbestos flocked 

Asbestos flocked 

Asbestos flocked 

Asbestos flocked 
None 
0.157-3.54 None 


* Sateen weave cotton bags, filtration velocity 3 cfm/sq. ft. of cloth. 


1 Data from NYO-1590 


185% efficient by discoloration test, 68.2% efficiency by particle count. 


§ Grains per cubic foot. 


(Table 7), comparable efficiencies were ob- 
tained on several fumes of smaller size than 
the oil smoke. When the clean bags were 
uncoated with the filter air or “floats,” lower 
results were obtained, unless heavy load- 
ings created an equivalent filter layer. It is 
of general interest to point out that the 
full-scale unit tested by the Harvard Air 
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The bag collector was sized for a 6 to 1 
filter aid additions 
planned for 60-day intervals. Its intake 
was from a manifold, and this unit dis- 
charged into a 200 ft. stack by combining 
the fan discharge into a large ejector at 
the base of the stack. Irom studies made 
with scale models in our laboratory, it was 


cloth: air ratio with 


Vol. 19, 1959 


0.212 99.9 
0.208 97.7 
0.204 97.0 
i 0.196 96.0 
& 0.182 94.0 
0.180 93.3 
0.176 90.0 
89.0 
0.171 88.4 
Ge 0.167 85.3 
0.166 83.0 
0.166 83.0 
al — Cu. Ft. 
0.025 0.5 
BP 0.0079 0.8 99.9 
0.86 0.9 991 
a 166 0.6 99.2 
4 oe 15 0.5 97 
15 05 74.0 
14 99.9+ 
2% 
We 


NEIGHBORHOOD CONTAMINATION CONTROI 


possible to use the main exhaust fan as a 
means of always providing induced draft 
at the boiler breeching convection to the 
stack for 3-15,000 cfm forced draft boilers. 
The combined process and make-up air flow 
plus the boiler exhaust gave a total volume 
of 120,000 cfm at temperature. 
Since the boilers would run at various rates 


elevated 


the use of the fan-ejector system as an 


induction device gave fairly constant dis 


charge volumes since by-pass dampers were 


provided on the boiler flues. These opened 
when any one unit was shut off, as would be 
necessary in summer operations. 

The total cost of this primary beryllium 
plant was nearly $5,000,000. All air- and 
gas-cleaning equipment, as well as exhaust 
ducts, manifold, final collector, and stack, 
was approximately $250,000, or about 54% 
of total cost, which is well within values 
for metallurgical plants, in general, and be 
low that The 
200 ft. stack cost approximately $36,000, 
and the final collector about one-third this 
$12,000. The added 
for the final collector 1s a small item. Op 


for other nuclear materials. 


value, or investment 


erating costs are also quite nominal, as a 
recharging of the bags is a $30 to $50 bi 
monthly operation and beryllium materials 
can be reclaimed from the hopper. Since 
this is a fairly valuable material it repre 


sents some saving, if it can be easily 


reprocessed. 
The effectiveness of this system on a 
basis of routine neighborhood sampling in 


several areas is shown in Table 8&8. These 


Tape 8.—Air Sampling Data for Beryllium im 
Neighborhood of New Production Site, 
August, 1958 


Monthly 
Average 
No. Beryllium 
Approx. 72-Hour Concentration 
Distance, or More pe/M* 
Location Miles Samples (MAC=0.01 
City downtown location A 
City downtown location A 
Nearby small town A 
Nearby small town B 
Farm nearby 
Nearby small town C 
At site periphery 


8 0.00069 
7 0.00067 
7 0.00042 
0.00072 
0.00082 
0.00079 
0.00469 


wow enw 


Silverman 


concentrations are for full-plant operations 


during a recent summer month in 1958 


Concentrations off-site are about 
(0.01) of the O.Olpag. tentative standard, 
while the site periphery values are about 


the MAC. 


Conclusions 


On a basis of present knowledge, it ts 


possible to select air and gas-cleaning 
equipment effective enough to obtain control 
to values well below the tentatively estab 
lished neighborhood limit of pet 
cubic meter. Such control can be obtained 
at reasonable costs not exceeding 5¢@ of 
plant capital costs. They will be well below 
this value when it ts realized that recovery 
on many effluents is necessary for reproe 
essing and reclaiming of materials. 

The 


selecting a site and planning control are 


major steps to be considered in 


indicated below 
Steds in Preventing Significant Neigh 
horhood Beryllium Contamination 
1. Select site 


ical, and population data necessary if new 


meteorological, topograph 


or existing location used. 


2. Caleulate permissible hourly emission 


on basis of not more than pg. pel cubi 
meter at nearest habitation under unfavor 
able wind and inversion conditions. 


Evaluate process control attainable 
with reasonable technical and economic fea 
Determine total emission 


sibility. antic! 


pated pessimistically from each operation 
and cleaner type selected. Assess combined 
loading to be discharged. This will deter 
mine if secondary collector or high stack 
or a combination of them is necessary. 

t. Calculate stack height on basis of tinal 
emission, stack air temperature, and mete 
orological factors. Note, however, it may 
be limited by cost, soil data, air trate im 
terference, and other factors, and thus ts 


interrelated with final or intermediate col 
lector selections, 
55 Shattuck St. (15). 
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Evaluation of Exposure Data in the Beryllium Registry 


Their Relation to Present Maximum Allowable Concentrations 


CHARLES R. WILLIAMS, Ph.D., Boston 


The 


hygieme standards or maximum permissible 


problem of the development of 
concentrations for beryllium has been ap 
proached with extreme conservatism, There 
are, OL course, many reasons for this, in 
cluding such things as the disagreement 
during the late 1930's and early 1940's as 
to whether or not beryllium was toxic; the 
lack of adequate analytical methods during 
this stage of the investigation; the delay 
in onset of the disease; the extremely 
minute apparent exposures which produced 
verified cases of disease, and many others. 
evidence has been presented during the 
past two days as to the nature of the dis 
ease and the various methods of control 
which have been employed with excellent 
results. In spite of the facet that tremendous 
amounts of work have been done, not only 
on animals but also through the Beryllium 
Registry and elsewhere on evaluation of 
individual cases for nearly 20 years, im the 
list of “threshold limit values for 1957” as 
adopted by the American Conference of 
Governmental Industrial Hygienists bery! 
lium is still listed as 2pg. per cubie meter 
under “Tentative Values.” 

The Atomic Energy Commission has a 
series of standards. 
that the 


average 


It is generally stated 


lowest figure of 2yg. daily 


concentration within industrial 
plants is a tentative value and an objective 
It will be noted that the AIC 


One of 


to be sought. 


uses two other values. these 


per cubic meter—-is a value which 
must not be exceeded in any single air sam 
ple. In addition to these figures, it 1s sug 
gested that O.Olag. should be utilized as an 
Accepted for publication Nov. 5, 1958 
Applied Industrial Hy 


Public Health 


Associate Professor of 


giene, Harvard School of 


average concentration over one-month 
period, 

The American Industrial Hygiene Asso 
ciation “Tlygiene Guide,” under 1. 
Standards, reads as follows ! 

\ RECOMMENDED CTENATIVE) MANI 
MUM ATMOSPHERIC CONCENTRATION 


Occupational & Hour: 0.002 milligrams 


meter Ol air 


bervilium 
per cubic (This is also 


\tomic 


(my/m") 
the current recommendation of the U.S 
Commission. ) 
than 30 min.) 
hour: 0.00001 

B deals 
brietly 


energy Occupational acute (less 


0.025 mg/m*, Nonocceupational 24 
me/m* 
with relates 


severity of hazards It 


when, how, and where potsonimg has 
curred 


C. SHORT EXPOSURE TOLERANCE: No 
0.025 


0.1 mg/m’, 


acute cases levels below 
\hove 
pneumonitis developed, with most 
individuals atiheted above 

VEMOSPHERL 
IMMEDIATELY 


50 me/m* for 


have occurred at 


mg/m" for brief exposures 


eases of acute 

mg/m" 
CONCENTRATION 

HAZARDOUS TO LIFE 

six-hour daily exposure 

These, then are the present generally used 

various kinds of 


hygiemte standards for 


beryllium exposure, 


Registry Data 


The information im the Beryllium Regis 
try covers 56] occupational cases from 76 
plants and 45 nonoceupational cases from 
five locations. The breakdown is shown in 
Table 1. 

It would thus appear that with the ex 
ception of mining and milling operations, all 
types of uses of beryllium have produced 
cases. In many imstanees, particularly in 
extraction and smelting, persons have been 
exposed to several different beryllium com 


pounds 
None of the individual case records in the 


Registry contains any actual values 
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Taste 1.—Breakdown of Data 


Com 


Industry panies Cases Compounds 
Extraction and smelting of 
beryllium ore BeO, Bek», 

BeSO ete, 
Beryllium metal and oxide 
production 
Alloys 


Ceramics 


Be, BeO 
BeO 
X-ray tube mfg Be, BeO 
Research and dey. 
Users of fluorescent powders 
Fluorescent tubes Be silicate 
(synthetic), 
ete. 
Neon tubes 
Radio tubes Be silicate 
(synthetic), 
etc. 
Be silicate 
(synthetic), 
ete. 
Others and unknown ? 


Fluorescent tube disposal 


which can be correlated with the data given 
above. In many instances, however, there 
substantial of 


available relative to the operations in which 


is a amount information 
the exposed person was engaged. This gives 
us some clue as to the degree of exposure. 
There are, of course, many factors in ex 
posure in addition to the air concentrations 
which must be considered. Information in 
cluded in the Registry covers many of these, 
including the kind of work in which the 
person was engaged, the beryllium com 
pounds to which he was exposed, a break 
down indicating proximity to the source, 
and information as to the number of years 
or months or days of exposure. In addition 
to this, there are some general data available 
on beryllium concentrations in a few of the 
plants involved. 

Among the difficulties which were en 
countered by the carly investigators in the 
field and which now plague those attempt 
ing to quantitate the exposure data are such 
things as the delay in onset of the disease 
and the lack of data from early cases, which 
is in turn related to the delay in developing 
analytical techniques. 

Another important factor which contrib- 
utes to the lack of quantitative information 
related to cases is the fact that very little 
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beryllium disease has developed since 1950. 
As has been pointed out previously, of the 
606 cases in the Registry all but 10 had 
an exposure to beryllium prior to 1950. It 
is entirely probable that this very sharp 
reduction is in part the result of the use by 
industry of good control measures and also 
certainly of the elimination of beryllium 
from fluorescent lamps. 

Before examining in detail some of the 
available exposure information it would be 
helpful to discuss briefly the uses of the 
words “acute” and “chronic.” The applica- 
tion of these terms to disease has already 
been defined. In this case, the terms refer 
primarily to the course of the disease. They 
do not necessarily have any relation to the 
kind of exposure. In industrial hygiene it 
is usual to think of an acute exposure as 
one which takes place in a very short space 
of time and has a relatively immediate ef- 
fect upon the exposed Carbon 
A 
chronic exposure, on the other hand, is one 
which generally goes on for an extended 
period of time and usually represents a 


person. 
monoxide is a good example of this. 


cumulative dose. It is important to under- 
stand these differences in concept in order 
to realize that the acute cases which devel 
oped were not necessarily from an acute or 
single exposure. 

Because of the scattered nature of data 
on beryllium air values in industrial en 
vironments, it has not been possible to 
provide a detailed study of all of the cases. 
An examination of two plants, one engaged 
in research and development operations, the 
other in fluorescent lamp operations, will 
suffice to illustrate the kinds of exposures 
which have produced cases of beryllium 
disease. 

It must be borne in mind that during the 
early days of beryllium use the disease had 
not been widely recognized and that ana 
lytical methods had not been developed for 
evaluating air values. In those cases where 


measurements were made, however, con 


centrations far in excess of current hygienic 


standards were found. After an acceptance 


of beryllium disease, tremendous strides 
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were made in controlling it. Air values 
being reported today are largely below 
2.0ng. per cubic meter. 

Research and Development O perations 
This plant has typical foundry, machine 
shop, and ceramic operations, and some 
miscellaneous activities such as welding, 
cleaning, and plating taking place on a 
sporadic basis. Operations began on a small 
scale in 1944 and are still going on on a 
somewhat larger scale. During the early 
stages of the project little was done in the 
way of control, and there were some severe 
exposures at that time. Subsequently con 
trol measures (both medical and engineer 
ing) were instituted. 

There have been 7 acute and 8 chronic 
cases reported from an exposed population 
of approximately 190 persons (1944-1957). 
There was at least one case in each type 
of occupational exposure (foundry, machine 
shop, ceramics, ete.). Since the plant was 
involved in research, beryllium metal, be 
ryllium oxide, and some alloys, as well as 
many other materials, were handled. A 
considerable amount of air sampling has 
been dene here, providing evidence of ex 
posures to most of the plant population. 
During the first two or three years of oper 


Taste 2.—Exposure Values 


Beryllium, 
ug. per 
Operation Cubie Meter 
Lathe operation: 30 in. from cutting head machin 
ing beryllium; time 20 min 
Same operation as above: sample at bench oppo- 
site side of room; time 30 min 
Beside lathe: surface cut, dry, with exhaust; time 
7 min 
Same as above: coolant, no exhaust; time 4 min 
Cut-off saw: cutting beryllium billet, wet, ex- 
hausted; time 4 min 
Small lathe: only beryllium operation in the room; 
time 7 min, 
General room: between two small lathes; time 30 
min. 
Vacuum cleaner exhaust during cleaning machine 
shop; time 30 min 
Milling machine; time 20 min 
Grinding beryllium dry, standard grinding wheel 
exhaust; time 15 min 
Same: grinding wet with exhaust; time 20 min. 
Main office: beside filing cabinet; time 90 min. 
Second floor: no beryllium operations; time 60 min, 
Same; time 30 min. 
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ation, these were far in excess of present 
hygienic standards (MAC). Some of these 
exposures, as well as evidence that such 
operations must be controlled, are given in 
Table 2. 

During the years 1948-1949 concentra 
tions varied widely from fractions of a 
microgram to several hundred micrograms 
per cubic meter in machine-shop operations. 
In the foundry and ceramic operations val 
ues as high as several thousand micrograms 
per cubic meter were occasionally found. 
rom the beginning of the beryllium work 
in 1944 through 1949, exposures certainly 
exceeded the 2.0n¢g. MAC much of the time. 
After that period values dropped sharply 
with concentrations ranging from 
O.4ug. per cubic meter with occasional 
maxima of 0.7ng¢. for general room samples. 
Occasional high values up to or 
were found brietly on individual operations. 
Respirators have been required for these 
operations, 

Fluorescent Lamp Production.-\In one 
series of five fluorescent lamp plants there 
have been 128 cases, a very large proportion 
of them in one of the plants. The exposure 
in this plant all occurred during the late 
1930's and early 1940's, when very little 
was known about beryllium toxicity and no 
reliable analytical data were available for 
evaluating air samples for beryllium. In 
terviews and subsequent inspection of the 
building utilizing ultraviolet illumination in 
dicated extensive beryllium phosphor con 
There 


can be litthe doubt but that during this 


tamination throughout the building. 


period exposures were very high. 


At this time also there was a much highe1 


content of beryllium in the phosphor as 


well as high total dust. There were cases 
among employees in every operation, work 
ing on every floor of the building. This is 
further evidence of the generalized distri 
bution of the contamination. 

\fter installation of dust controls and 
institution of a preventive medical program, 
the number of cases dropped sharply. Ii 
1949, the fluorescent 


lamp industry by general agreement, elimi 


nally, on June 30, 
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nated beryllium by substituting an entirely 
different type of phosphor. This terminated 
to a large degree exposure to beryllium- 
containing phosphors and certainly ended 
the beryllium problem in the fluorescent 
lamp industry. 


General Observations 


1. One breakdown which can be made is 
related to, but not necessarily identical with, 
severity of exposure. This is by proximity 
of the patient’s job to industrial operations 
(Table 3). Thus, 80% of the chronic cases 


Taare 3.—Chrontc and Acute-to-Chronic Cases by 
Proximity to Source 
No % 
Nonoccupational 6 1.8 
Beryllium plant, different building 15 4.5 
Under same roof as source 44 13.2 
Direct exposure 267 80.5 


occurred in persons who worked with be 
ryllium; the other 20% 


feet to nearly a mile 


were located at 


distances of a few 
from beryllium operations. 


2. It is significant that 90% of the acute 
cases occurred in persons who were exposed 
to mixtures of the oxide, sulfate, fluoride, 
chloride, hydroxide, ete., in plants engaged 
This group of 
compounds is found in none of the other 


in extraction of the ore. 
types of industries. It 1s inevitable to con 
clude that the kind of. effect 
chronic) may well be related to the com 
position of the 


(acute or 
pollutant, regardless of 
concentration, 

3. The only available pertinent quantita 
tive data related to the nonoccupational 
cases are those published by Eisenbud et 
al. He reported 16 such cases, including 
5 fatalities from within 34 of a mile of a 
beryllium plant. Air analyses around the 
plant indicated air concentrations of beryl 
lium ranging from O.1pg.-0.01lag. per cubic 
meter averaged over a week. This situation, 


however, is complicated several cases 
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Where the nonoccupational victim re 
lated to an employee in a beryllium plant. 
An additional exposure from handling the 
employee’s dusty clothing was often de 
scribed. 

Thus the air concentrations in these cases 
have usually been very low but sometimes 
practically continuous, varying only with 
conditions and 
Little is 
exact compounds involved in this neighbor 


meteorological production 


at the plant. known as to the 


hood air-pollution problem. 

4. The evidence in the Registry shows 
clearly that the uncontrolled use of beryl 
lium and its compounds can produce a high 
incidence of beryllium disease and that the 
mortality rate is high. As the concentrations 
decrease, the number and severity of cases 
decrease as demonstrated by the sharp drop 
in cases after 1949, when beryllium was 
eliminated from fluorescent) powders and 
other users of beryllium took steps to con 
trol exposures. 

5. The use of a standard of 2.0ng. per 
cubic meter has been shown to be relatively 
safe and is probably conservative. The evi 
dence in the Registry indicates that with 
lower exposures the delay in onset increases 
and the severity of the cases decreases. 
Thus many years must elapse before our 
present standards are demonstrated to be 
Furthermore, it has been shown in 
that 
achieved: thus any attempt to increase the 
hygienic standard must be based on com 


safe. 


all operations this figure can be 


pelling evidence. 

6. There is no evidence to support the 
statement in the American Industrial Hy 
giene Association’s Hygienic Guide on Be 
ryllium that 50 mg. per cubic meter for 
six-hour daily exposure is “immediately 
hazardous to life.” 

7. Beryllium and its compounds are go- 
ing to be used in our industrial economy. 
This conference has demonstrated two im 
portant points which should be emphasized. 
excessive beryllium exposures are capable 
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BERYLLIUM REGISTRY EXPOSURE DATA 


of producing a severe occupational disease REFERENCES 
which has a high mortality rate. By the use 1. Hygiene Guides Committee: Hygenic Guide 
of proper engineering and medical controls — Series: Beryllium and Compounds, Am. Indust 
beryllium and its compounds can be used A. Quart. 17:345-340 (Sept.) 1950 
° 2. Eisenbud, M., et al.: Non-Occupational Beryl 
safely. 


liosis, J. Indust. Hyg. & Toxicol. 31 :282-294 (Sept.) 


Harvard School of Public Health 1949 
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—AND HEAD COLDS 
20 


MEN AND brine’ 
MACHINES — HYDROCHLORIDE quickly 
clears 
stuffy 
Contains Zephir, heads 
antibacterial we' 
and preservat 
greater 


a leading 
decongestant — 

vasoconstrictor in a 

most convenient form — 


microspray tip 

il ting... 
unbreakable — no spill 
no fuss 6 


Neo-Synephrine relieves the discomfort of 
colds, hay fever and sinusitis promptly and 
safely without sting, drowsiness or tachycardia 
in virtually all patients. 


Neo-Synephrine is available also in 
%%, 2% and 1% solutions in bottles of 1 oz. with dropper. 


LABORATORIES 
NEW YORK 18, ¥ 


Neo-Synephrine (brand of phenylephrine) and Zephiran (brand of benzalkonium, 
as chloride, refined), trademarks reg. U. S. Pat. Off. 
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the M-S-A SOUNDSCOPE 


A precision instrument that 


combines the functions of 


* SOUND LEVEL METER 
* OCTAVE BAND ANALYZER 


* NARROW BAND ANALYZER 


in a single compact unit, 


with self-contained 


power supply and integral 


electrical and 


acoustical calibration 


Industrial hygienists faced with the task of measuring a set of continuously variable high and low cutoff 
and analyzing noise conditions are quickly recog- filters. Knob control provides settings of constant 


nizing the contributions of the M-S-A Soundscope. percentage band widths for fine analysis. 
With this single instrument they can plot the answers Our new bulletin gives complete information. 
to (1) overall sound pressure levels, (2) sound pres- Write for a copy. 


sure levels of components in octave bands through- 
out the audible spectrum, and (3) sound pressure 
levels in bands narrower than whole octaves. 

This unit, based on a design developed for Mine 
Safety Appliances Company by Allison Laboratories, 
Puente, California, meets pertinent specifications of 
the American Standards Association for Sound 
Level Meters and Analyzers. 

The overall Sound Level Section covers the range 
of 24 to 150 decibels. Overall attenuation can be 
varied through a range of 110 db. in 10 db. steps. 
The Analyzev Section, controlled by coupled knobs, 
measures sound levels in each of the seven octave 
bands from 75 to 9600 cycles. Analyzer attenuation 
can be varied through the range of 40 db. in 10 db. 


steps. The Narrow Band Analyzer function utilizes Fabric luggage cover with shoulder straps provides protection 
... facilitates carrying 


MINE SAFETY APPLIANCES COMPANY 


201 North Braddock Avenue, Pittsburgh 8, Pa. 
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